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1 Executive Summary

The Logistics Readiness Program supports the Air Force Research Laboratory, Human Effectiveness

Directorate, Warfighter Readiness Research Division, Logistics Readiness Branch (AFRL/HEAL)

through the conduct of logistics research studies that leverage the expertise of the academic community.

This research is the product of a collaborative project conducted by personnel at AFRL/HEAL and the

University of Arkansas. The AFRL/HEAL identified a need to have a strategically aligned performance

measurement system for flightline maintenance (MX) activities. This system must account for the entire

flightline MX process in order to improve the performance of aircraft scheduling and achievement of

mission objectives. The primary project activities were:

* Identification of a strategically aligned performance measurement system

* Research into that system's development and implementation process

* Investigation of current flightline MX processes

* Production of associated development guidelines

* Validation of these guidelines through a case application

* Investigation of software implementations

The review of the performance measurement literature resulted in the selection of the Kaplan and Norton

Balanced Scorecard (BSC) as the appropriate measurement system for the flightline MX process.

Production of the BSC development guidelines required in-depth analysis of the traditional BSC

development process and the current flightline MX process through documentation review and site visits.

The guidelines prescribe the process from selection of both a target organization and development team to

the classification of measures and families to the production of a viable BSC.

The BSC development guidelines were followed to construct a preliminary flightline MX BSC. This was

done to validate the development guidelines to ensure practical implementation. The resulting BSC was

validated through administration of a questionnaire to United States Air Force (USAF) logistics

personnel.

It was determined that a review of existing BSC software packages would benefit eventual

implementation of the BSC. A review of the three most prominent BSC software packageswas conducted

based upon industry standards for such packages.



The scope of project is the flightline MX process. The flightline MX process is the inspection and service

process that takes place from the time an aircraft lands through all the activities necessary to recover the

aircraft and prepare it to successfully complete another mission. Thorough knowledge of this process was

required to determine the relevant performance measures, understand why the measures behave as they

do, and indicate reasons why these measures fall outside acceptable parameters. Maintenance leaders are

primarily concerned with knowing how well the unit is meeting mission requirements, improving

equipment performance, identifying support problems, and projecting current trends (AFLMA, 2001).

Maintenance performance is generally assessed using standards, goals, and maintenance plans.

Kaplan and Norton (1996) introduced the BSC in the early 1990s. The BSC was introduced in an attempt

to reconcile problems in traditional management strategies that overemphasize financial measures at the

expense of progress and growth. This performance management system allows organizations to clarify

their strategy and assure that every aspect of operations is directed toward the success of these goals

(Balanced Scorecard Basics, 2003). When considering important measures all at once, as suggested by the

BSC, management can detect whether one area is improving at the expense of another area (Kaplan and

Norton, 1996).

The BSC development process is one that requires thorough knowledge about internal operating

procedures and a comprehensive understanding of the system being studied. It was determined that

detailed guidelines for the BSC methodology would be valuable to facilitate the development of BSCs for

flightline MX personnel. These guidelines assure that every step is followed by dividing the BSC

development process into three stages, Groundwork, Design, and Finalization, each comprised of multiple

steps. The stages and steps of the BSC Development Guide are listed below:

* Groundwork Stage

P Team Selection

a Strategic Framework

"* Mission Statement

"• Core Values

"* Vision Statement

n Data Collection

"• Process Data

"* Strategic Data

"* Reference Materials

2



* Design Stage

"* Goal Development

"* Objectives Identification

"* Perspectives Determination

"* Performance Measure Identification

"* Measure to Family Assignment

* Finalization Stage

"* Measure Assignment to the BSC

"* Correlation Determination

"* Measure Finalization

"* Ownership Assignment

"* Scorecard Cascade

"* Review and Revise

A case study is presented that describes the process undertaken by our team to validate and exemplify the

BSC Development Guide through the development of a preliminary BSC for flightline MX activities

within an Aircraft Maintenance Unit (AMU). The preliminary BSC consists of the following four

perspectives and measures:

* Mission Perspective

"* Maintenance hours per flying hour

"* Mission-Capable (MC) rate

"* Partially Mission-Capable Maintenance (PMCM)

"* Sorties flown

"* Totally Not Mission-Capable Maintenance (TNMCM)

* Influencing Factors Perspective

"* Cannibalization (CANN) rate

"* Mission-Impaired Capability Awaiting Parts (MICAP) fill rates

"* Maintenance Scheduling Effectiveness

"* Totally Not Mission-Capable Supply (TNMCS)

3



Management Perspective

a Adherence to Operations (OPS)/Maintenance Squadron (MXS) schedule

a Deferred Discrepancies (DD) rate Awaiting Maintenance (AWM)

0 Total maintenance deviations

0 4-hour fix rate

• 8-hour fix rate

0 12-hour fix rate

a Days in Phase/Isochronal Inspection (ISO)

* Internal Enhancement Perspective

"• Cannot Duplicate (CND) rate

"• Repeat-Recur (RR) rate

"* Special Experience Identifiers

"* Total abort rate

"* Training schedule adherence

" Upgrade Training

"• Unit average technical skill level

An anonymous questionnaire was developed to elicit the expertise of logistics personnel in ranking the

criticality of the measures on the preliminary BSC. The questionnaire was completed by attendees of the

2003 Logistics Officer Association (LOA) National Conference. Twenty-six viable questionnaires were

collected and analyzed. A count of the number of times each perspective and each measure within each

perspective was assigned a particular ranking was computed. The corresponding percentage represented

the number of times each perspective or measure was given that ranking out of the total number of

questionnaires.

The results indicate that the mission perspective is the most critical perspective with the management

perspective ranked as the next most critical. The respondents indicate that the least critical perspective is

internal enhancement perspective. Within the mission perspective, MC rate and PMCM are the most and

least critical measures respectively. The MICAP fill rate is ranked as the most critical measure within the

influencing factors perspective. Within the management perspective, the adherence to OPS/MXS

schedule is the most critical measure, and the least critical measures are DD rate AWM and 4-hour fix

rate. The CND rate, RR rate, upgrade training, and unit average technical skill level are the most critical

measures within the internal enhancement perspective.

4



In addition to the comprehensive results of the respondents as a whole, the results were categorized by

respondent job function level, specifically group-level maintenance supervision/staff and squadron-level

maintenance supervision/staff. The analysis was repeated for each group individually, allowing for

observation of how the two levels ofjob function may differ in their views of the criticality of the

perspectives or measures.

Three BSC software packages, ActiveStrategy EnterpriseTM, SPImpact, and pbviews, were reviewed to

evaluate their adherence to relevant industry standards. Relevant features range from network

compatibility to user ease and friendliness. It was observed that pbviews contains all the preferred

features.

5



2 Introduction

2.1 Project Description

The AFRL/HIEAL identified a need to have a strategically aligned performance measurement system for

flightline MX activities. This performance measurement system must account for the entire flightline MX

process in order to improve the performance of aircraft scheduling and achievement of mission

objectives. It is known that successful achievement of mission objectives is the result of a coordinated

effort between multiple organizations and a variety of processes. These coordinated efforts require

proficient levels of preventive maintenance, degree of training and experience, quality and timeliness of

suppliers, and many other factors. Focusing on a single component of the flightline MX process to the

exclusion of other components can cause short-term benefits but long-term performance degradation and

failed objectives.

The primary project activities are:

* Identification of a strategically aligned performance measurement system

+ Research into that system's development and implementation process

* Investigation of current flightline MX processes

* Production of associated development guidelines

* Validation of these guidelines through a case application

* Investigation of software implementations

The review of the performance measurement literature resulted in the selection of the Kaplan and Norton

BSC as the appropriate measurement system for the flightline MX process. Further review of the BSC

literature included a sampling of the major works in this area. This review included the history of the BSC

and focused on the various components of the traditional corporate BSC and the possible adaptations to a

defense organization.

Production of the BSC development guidelines required in-depth analysis of the traditional BSC

development process and the current flightline MX processes through documentation review and site

visits. The guidelines prescribe the process from selection of both a target organization and development

team to the classification of measures and families to the production of a viable BSC. The methodology

contains a review and revision process to ensure that the resulting BSC stays current.

6



To the extent possible, the BSC development guidelines were used to develop a candidate flightline MX

BSC. This was done to validate the development guidelines to ensure practical implementation. The

resulting BSC was validated through administration of a questionnaire to USAF logistics personnel.

While strongly based upon feedback from USAF personnel, this BSC was predominately externally

developed. To be truly strategically aligned, a BSC must be developed by the target organization. The

BSC is a system that involves a great deal of direct knowledge about the system being monitored. There

is extremely valuable process information to be gained throughout the BSC development process.

It was determined that a review of existing BSC software packages would benefit eventual

implementation of the BSC. A review of the three most prominent BSC software packages was conducted

based upon the existing standards for such packages.

Three BSC software packages, ActiveStrategy EnterpriseTM, SPImpact, and pbviews, were reviewed to

evaluate their adherence to relevant industry standards. Relevant features range from network

compatibility to user ease and friendliness. It was observed that pbviews contains all of the preferred

features.

2.2 Objectives

The project's overall goal is to formulate BSC development guidelines that will facilitate strategically

aligned performance measurement through the identification of mission-critical performance measures

that seek to improve the performance of aircraft scheduling and achievement of mission objectives.

The project objectives are to:

* Identify a strategically aligned performance measurement system, i.e. the BSC, through an in-depth

review of the relevant literature

* Investigate and develop realistic development guidelines through review of BSC literature, related

USAF documentation and site visits

* Validate the BSC development guidelines through a case application and practitioner assessment of

the resulting BSC

* Investigate BSC software packages to help facilitate successful implementation

7



3 Background

3.1 Flightline Maintenance Process

The project scope is the flightline MX process. The flightline MX process is the inspection and service

process that takes place from the time an aircraft lands through all the activities necessary to recover the

aircraft and prepare it to successfully complete another mission. The cyclical process is depicted in Figure

3.1 (Flightline Orientation Briefing, 2003). While each stage of the process is described briefly in this

section, the complete related documentation from the orientation briefing is located in Appendix 1.

Thorough knowledge of this process is required to determine the relevant performance measures,

understand why the measures behave as they do, and indicate reasons why these measures fall outside

acceptable parameters.

f•- ~Aircraft Landing ]ý___

SPost-launch Parking and
Clean-up l Recovery

AircraftLaunch 'Aircraft Servicing

Flightline
Maintenance

Pre-launch Process Aircrew DebriefingInspection

Unscheduled
Aircraft Mission Maintenance/

Repair (as needed)

AicatShdl Preventive /

forcraxt MScheul Maintenance
forNet isio (as needed)

Figure 3.1: Flightline Maintenance Process
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3.1.1 Aircraft Landing

The MX process begins when an aircraft returns from a mission. As the aircraft lands, the aircrew relays

system discrepancies to the flightline. This allows the flightline to be prepared for the discrepancies and

make repairs faster.

3.1.2 Parking and Recovery

The parking-and-recovery stage neutralizes the threat of munitions and fuel explosions through grounding

and stabilizes landing gear. The processes in this stage should be strictly monitored for safety standards

adherence. Performance measures used for this process should reflect an emphasis on safety.

3.1.3 Aircraft Servicing

Aircraft servicing actions include checking system fluids and refueling. This is another stage where safety

is paramount. Essential measures include training measures to ensure that training is up-to-date and the

most recent practices are adhered to.

3.1.4 Aircrew Debriefing

Aircrew maintenance debriefing is the communication between the aircrew and the MX crew. The

debriefing has a large impact on the quality of repairs completed by the MX crew. A complete debriefing

is an important factor for quality performance measures such as repeat recurrences. This process is aided

by the use of different codes for landing status, system capability, and deviations.

3.1.5 Unscheduled Maintenance/Repair

The success of the unscheduled MX and scheduled MIX operations indicate the health of the supply chain

through the length of time to receive parts and the number of backorders on those parts.

3.1.6 Preventive Maintenance

Preventive MX operations can be good indicators of the ability of a MX unit to manage its schedule

efficiently. Operations such as Time Compliance Technical Orders (TCTO), Time Change Item (TCI)

replacements, and system calibrations further reduce wear on aircraft and increase a MX unit's ability to

keep planes in the air.
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3.1.7 Aircraft Scheduled for Next Mission

Aircraft scheduling for the next mission and aircraft mission preparation are essential for successful

mission completion. In this stage, aircraft are scheduled and prepared for various missions. Success in

these stages has a direct impact on the number of maintenance-chargeable deviations incurred.

3.1.8 Pre-launch Inspection

Pre launch inspection involves detailed MX and aircrew inspections including visual examination of the

aircraft and operationally checking certain systems and components.

3.1.9 Aircraft Launch

The aircraft launch requires the aircrew to start the engines, power up systems, and make final

adjustments in preparation for launch.

3.1.10 Post-launch Check-up

The last step in the process involves cleaning up the parking location.

3.2 Maintenance Performance Measurement

Maintenance leaders are primarily concerned with knowing how well the unit is meeting mission

requirements, improving equipment performance, identifying support problems, and projecting current

trends (AFLMA, 2001). It is pertinent that MX leaders review sortie production and MX performance

constantly and are knowledgeable about predictive MX indicators. Maintenance performance is generally

assessed using standards, goals and maintenance plans. The following performance measurement

questions were developed by the AFLMA (2001):

* Are operational requirements based upon realistic availability of equipment?

* What are the causes of flying schedule deviations?

* Are particular aircraft, equipment, systems, or subsystems contributing to a disproportionate share of

deviations?

* Does specific equipment fail to perform as scheduled or require more or less MX than normal?

+ Is there enough staff to meet mission needs?

* Do higher rates of repeat/recur discrepancies indicate training or experience shortfalls?

* Is there sufficient time to schedule and work MX problems?

* What is the behavior of MX trends?
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There are two prominent types of performance indicators associated with maintenance: leading and

lagging. Leading indicators directly impact MX capability to provide resources to execute the mission by

measuring performance before a problem arises. Lagging indicators provide information after the problem

has occurred and can indicate firmly established trends.

3.2.1 Leading Indicators

Maintenance Scheduling Effectiveness (MSE) Rate - The number of maintenance actions started as

scheduled per total number of MX actions scheduled. MSE rate measures maintenance's ability to plan

and complete inspections and scheduled MX.

DD Rate - DD rate depicts how well the unit is keeping up with required minor repairs. Deferred

discrepancies are minor MX actions that may be deferred until a more opportune time.

3.2.2 Lagging Indicators

Fully Mission-Capable (FMC) Rate - A low FMC rate may indicate a parts problem. This measure

should be compared with the monthly MC rate. Significant differences may indicate that aircraft are

flying partially inoperable.

TNMCS Rate - This rate is based upon the number of airframes out for parts; therefore, spare part

availability is critical for this measure. Maintenance can reduce this rate by limiting the number of

CANNs.

3.3 Balanced Scorecard

Kaplan and Norton (1996) introduced the Balanced Scorecard (B SC) in the early 1990s. The BSC was

introduced in an attempt to reconcile problems in traditional management strategies. Traditional

management strategies overemphasized financial measures at the expense of progress and growth. This

overemphasis brought about short-term gains to the detriment of long-term success. The BSC is a

performance management system that allows organizations to clarify their strategy and assure that every

aspect of operations is directed toward the success of these goals (Balanced Scorecard Basics, 2003).

When considering important measures all at once, as suggested by the BSC, management can detect

whether one area is improving at the expense of another area (Kaplan and Norton, 1996). Kaplan and

Norton suggest the following analogy to better explain the purpose of the BSC. In a cockpit, a large and

complex amount of data is displayed very quickly and simply through the use of cockpit displays. These

display fuel level, airspeed, altitude, bearing, and destination. Focusing on just one instrument can be
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fatal, just as focusing on one aspect of performance can be fatal to operational success. A BSC is designed

to display all pertinent performance information simultaneously.

Kaplan and Norton state that, in addition to the traditional financial performance measures, the BSC

incorporates non-financial measures that enable value creation for the organization (Kaplan and Norton,

1996). These measures have focused on managing intangible assets such as customer relationships, skills

and knowledge of the workforce, and the technology that supports the workers (Kaplan and Norton,

2001). A graphical representation of the BSC is depicted in Figure 3.2 (Kaplan and Norton, 1996).

Financial
How do/should we appear

to our shareholders?I
Customer Internal Processes

How do we appear Mission/Strategy 0 What are our most
to our customers? critical processes?

I
Growth

To achieve our goals,
what must we improve?

Figure 3.2: BSC Framework

The original four perspectives of the balanced scorecard (financial, customer, internal processes, and

learning and growth) are focused on the mission or strategic plan of an organization. In order for an

organization to achieve its goals, it is important that any performance measurement system be aligned

with and contributing to the overall mission of the organization.
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3.3.1 Financial Perspective

The financial perspective is the objective perspective and represents factors that contribute to successful

company cash flow and market share. Although financial measures may provide management with

numeric data concerning the company's performance, these are lagging indicators of past events. Crandall

(2002) states that traditional performance measurement systems rely too heavily upon financial measures

and neglect issues such as quality and customer service. Tracking the performance of past events through

financial performance measures is important; however, non-financial measures that help create value

should also be considered.

3.3.2 Customer Perspective

The customer perspective is more closely related to the company's mission statement than the widely

implemented financial measures. A large number of companies today have a mission statement that

focuses on customers (Kaplan and Norton, 1996). This perspective incorporates customer issues into the

company's performance measurement system. Taking customer concerns into account is a critical aspect

of operating a business and should therefore be included in the company's performance measurement

system.

3.3.3 Internal Business Perspective

The internal business perspective is concerned with measures such as timeliness of operations, actual vs.

planned activities, and issues with competition. This perspective is intended to measure what the company

is doing internally to address the needs and wants of the customer. The internal measures associated with

the BSC are derived from internal processes that have a significant impact on customer satisfaction.

Kaplan and Norton (2001) state that this perspective captures an organization's activities. Achievement of

operational excellence through the improvement of internal processes and supply chain management are

activities that should be captured with this perspective (Kaplan and Norton, 2001).

3.3.4 Learning and Growth Perspective

The learning and growth perspective is the foundation for corporate strategy. This is the perspective

where management assesses their employee ability, technological status, and corporate climate needed to

support a strategy (Kaplan and Norton, 2001 ). This perspective includes training employees and shaping

attitudes to promote self-improvement (Balanced Scorecard Basics, 2003). It is important that the

organization has long-term goals and a strategy in place with targets to be achieved to promote growth.
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4 BSC Development Guide

The BSC development process is one that requires thorough knowledge about internal operating

procedures and a comprehensive understanding of the system being studied. It was determined that

detailed guidelines for the BSC methodology would be valuable to facilitate the development of BSCs for

flightline MX personnel. These guidelines are designed for use by USAF personnel with little or no BSC

experience to develop scorecards for the flightline MX process. Adherence to the development guidelines

is pertinent for developing a strategically aligned BSC. The guidelines assure that every step is followed

by dividing the BSC development process into manageable stages. Figure 4.1 depicts the BSC

development process, which consists of the three primary stages: Groundwork, Design and Finalization.

Each stage is comprised of multiple steps, which are detailed in the remainder of this section.
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4.1 Groundwork Stage

The groundwork stage is the foundation of a successful BSC project. By following the steps in this stage,

all the pertinent and necessary information needed for the scorecard will be available during construction.

A thorough groundwork stage will assure that key information is not overlooked. It will also assure that

the gathered information is organized in a logical manner.

4.1.1 Team Selection

The BSC should be undertaken by a team of stakeholders, not a single person. This allows for

brainstorming and group discussion. It also facilitates thorough review of report documents. The team

should be comprised of personnel from all involved functions and should represent the skill sets in the

organization. Inclusion of all stakeholders will facilitate acceptance and enthusiasm for BSC

implementation. The members of the BSC team will act as ambassadors for the BSC, accelerating its

acceptance and use (Niven, 2002). Each team member should be qualified to provide expert opinion about

his or her organizational function. An understanding of BSC concepts and its development process is

imperative for all team members. Skill in quantitative analysis must also be present among the team as

this is extremely useful during the finalization of measures.

While team size is ultimately up to the team leader, a standard BSC team has approximately seven

members. In general, more than seven members may create difficulties in coordinating group efforts; less

than seven may not bring enough viewpoints to the process. The team leader is responsible for

coordinating all team meetings and corresponding with superiors (Niven, 2002). Other members of the

team may be assigned specific duties as needed during the development process.

The goal for team member selection is to represent as many levels of the organization as possible. The

reasoning behind this goal is that a higher-level supervisor, such as a unit commander, understands

overall strategy and desired outcomes of the organization. In addition, there are many low-level aspects of

operations that are important to performance measurement. These are better understood by the persons

who work at this level every day.

4.1.2 Strategic Framework

Organizational strategy is the guiding factor behind the BSC. Organizational strategy is defined as a set of

long-term goals that, if successfully achieved, will revolutionize the way a unit operates. Without

strategic alignment or the integration of this organizational strategy into the BSC, a BSC is merely a
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collection of performance measures. Strategic planning and alignment to a given strategy should be the

top priority in any BSC venture. There is a large gap between having a good strategy and effectively

implementing it. The BSC provides a framework to transition from deciding to have a strategy and

actually using it (Niven, 2002). The next section discusses gathering a few basic strategic components.

Identification of an organization's strategy will help determine the most relevant data to collect.

The process of strategic alignment begins at the top of the participating organization, regardless of its

scope or size. The unit commander and relevant subordinates must come together to determine what the

organizational strategy is and where opportunities for achievement of this strategy exist. This is a

complex process requiring time and effort. There is often disparity between the commander and other

members of the organization on how the organizational strategy is to be implemented. In many cases, a

documented strategy does not exist. In this case, a sound organizational strategy must be developed. The

essential strategic elements for a successful BSC are mission, core values, and a vision statement (Niven,

2002). If these strategic elements are already in existence and are approved by the team, they can be

integrated into the framework. Otherwise, these elements must be developed as described in Sections

4.1.2.1 through 4.1.2.3.

4.1.2.1 Mission Statement

Mission statements have been adopted by almost every organization in existence. They are used to

communicate fundamental beliefs and identify target goals (Kaplan and Norton, 1996). A mission

statement should be motivating and inspiring. An effective mission statement is not something that

changes every year but lasts for many years as a foundation for the organization. A mission statement

should be easily understood and communicated down to the lowest level of the organization (Niven,

2002). An example mission statement is that of the USAF: "To defend the United States through control

and exploitation of air and space."

4.1.2.2 Core Values

Niven holds that "values are the timeless principles that guide an organization" (Niven, 2002). These

principles are deeply held beliefs that exist within the organization and are demonstrated through the day-

to-day behaviors of all employees. These values set the tone for an organization by telling each member

of the unit how to accomplish his or her mission, For example, the core values of the USAF are:

* Integrity - Do the job right the first time

* Service - Mission accomplishment over personal gain

* Excellence - Put forth the best possible effort all the time
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4.1.2.3 Vision Statement

A vision statement is a snapshot of the future. An excellent example of a vision statement is the USAF's

"Global Vigilance, Reach, andPower: Vision 2020" (Vision 2020, 2000). It contains multiple long-term

goals that can take anywhere from several years to a few decades to achieve. Many of the long-term goals

from a vision statement can help to define the characteristics of the BSC perspectives. It is important to

avoid vague catchwords and phrases. The use of very technical words is also discouraged since all

stakeholders may not be familiar with such language. It should be clear to all stakeholders, not just the

upper command, where the organization is going and exactly how they plan to get there (Brown, 1996).

4.1.3 Data Collection

Data collection is an essential step in the BSC development process. The following subsections describe

the key types of data and data collection activities. The development of a BSC generates large amounts of

data. This data must be organized and stored in a logical manner to prevent contamination or loss of

pertinent information. One team member should be delegated the responsibility of organizing the data and

keeping it up-to-date by maintaining the latest version of all relevant documentation. Master copies of all

reference materials should be accessible in a secure, central location. This protects the data and provides

ready access to team members.

4.1.3.1 Process Data

The first step in data collection is to collect data on the processes that are to be monitored by the BSC.

Details on process data collection are as follows:

* Determine exactly what each process is and locate any existing documentation about the process

* Determine the chain of command for the process

* Document the current process as it occurs in the organization

* Compare and contrast the existing and team-developed documentation about the current process.

4.1.3.2 Strategic Data

The next step is collecting strategic planning data from the highest-level command. This data collection

does not exclusively involve the highest-level commander, but all those involved in strategic planning or

leadership of the unit. This information is essential for the strategic planning portion of BSC

development. Specifically, it will help determine what measures should be monitored and how they

should be linked throughout the scorecard. This data should be gathered in personal interviews with the
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commander and others involved in the strategic planning process. The following are pertinent questions to

have answered (Niven, 2002):

* What is your interpretation of the Mission Statement, Core Values, and Vision Statement?

* Who are your customers?

* What key strategies will help to achieve your vision?

* How can these strategies be achieved?

* What measures or data do you track to monitor success?

* What targets do you use for these measures?

* What related reports do you find most useful?

4.1.3.3 Reference Materials

Reference materials are published documents that contain information on processes and their performance

measurement. Reference materials also include information pertaining to the BSC and its application.

These materials assist in identifying measures and perspectives for the scorecard and indicate the relative

importance of measures or processes. It is essential to gather materials from as many different sources as

possible. Following is a sample of potential sources:

* Published manuals and training guides - These documents provide information on what

performance-related information the unit already monitors. Manuals are an excellent information

source for potential BSC measures and instruction on how they should be monitored.

* Health of Fleet (HOF) Reports - HOF reports are a source for many measures that are already

tracked and reported. Since these measures are already in operation, it is much easier to integrate

these measures into a BSC.

* 9302 Reports - Since performance measurement of the measures on the 9302 reports are required by

Air Combat Command (ACC), these measures are considered vitally important.

* Public Literature - Published research provides information on the BSC and its development and

implementation.

* Performance Documents - Any documents other than those named above that contain relevant

performance measures should be used.

* Expert interviews - Personnel with a high level of experience in their unit or career track can often

suggest additional important measures other than those currently being monitored.
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4.2 Design Stage

The design stage begins with structuring the strategic elements of the organization and progresses through

performance measure identification and construction of the basic BSC framework.

4.2.1 Goal Development

Strategic planning informs everyone in an organization where he or she is going and how to get there.

Effective development of a strategy was outlined in Section 4.1.2. The conversion of this strategy into

goals is the topic of this section. The overall strategy must be broken down into long-term goals. These

are goals that can revolutionize the way an organization operates by taking them from their current state

to envisioned future success. These goals should be future-focused with a time frame ranging between

five to 20 years. Milestones should be identified to divide the long-terml goals into shorter time buckets.

Milestones are subdivisions of a goal that are used to check progress toward achievement of the goal.

These long-term goals can then be transformed into performance measures later in the BSC development

process. Each goal must have a specific target that is either numerical or descriptive. These targets are the

projected optimal result for each goal.

Brown (1996) identifies five common problems associated with setting goals, as listed below. All

pertinent goals should be reviewed to verify that they do not contain any of these flaws.

* Goals that are really projects, activities, or strategies - The best way to avoid this is to ensure that

each goal has at least one measure in the scorecard.

* Goals that are solely based upon past performance - Many organizations simply add five or ten

percent to last year's goal without justification.

+ Arbitrary stretch goals - Developing a goal without good reason or randomly selecting a competitor's

goal should be avoided.

* Inconsistent short-term and long-term goals - All short-term goals should be components of some

long-term goal.

* Inconsistencies in goals at different levels of the organization - Every goal should cascade down from

a higher goal.

4.2.2 Objectives Identification

Identifying objectives is a translation of strategy and long-term goals into specific timelines and events.

Each long-term goal has a realistic target, and milestones have been identified as a portion of that target.
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These goals and targets will be placed as measures in the objective perspective to show success in

strategic objectives.

4.2.3 Perspectives Determination

As previously discussed in Section 3.3, the original Kaplan and Norton (1996) BSC suggested four

perspectives:

* Financial Perspective

* Customer Perspective

* Internal Business Process Perspective

* Learning and Growth Perspective

Kaplan and Norton recognize these four perspectives "should be considered a template, not a straight

jacket." Their perspectives are intended to portray the essential elements that can lead to success in a

typical organization (Kaplan and Norton, 1996). Although four is standard, there is no set rule for

determining the number of perspectives in a scorecard. While fewer than four is uncommon, there are

many instances of more than four. If there are more than four key elements that give a competitive edge

or portray key competencies, these should all be included as perspectives; however, care should be taken

when adding perspectives, because too many perspectives can lead to scorecards with large numbers of

stand-alone perspectives that are unrelated to each other. Niven (2002) suggests that the true test of

perspectives is whether they can be intertwined to tell a coherent story. As shown in Figure 4.2 below,

success in any one perspective can be linked to success in the others. Improvements in lower perspectives

lead to good results in higher perspectives, which then lead to realization of the vision (Niven, 2002). This

linkage is further discussed in Section 4.3.2.

21



Vision and Strategy

\ VE

FINANCIAL PERSPECTIVE
How will successfulI
mission completion

appear to superiors?

MANAGEMENT PERSPECTIVE

objectivaes what musntbe ne formus

S/ c°~~Wmhatioutsidefiacost° abffect tihees

cutmesomspletionrfms sinojetvs

Figure 4.2: Perspective Linkage

(Adapted from Kaplan and Norton, 1996)

4.2.4 Performance Measure Identification

At this point in the development process, there is a success strategy mapped out, and objectives for

success have been determined. Using these objectives, the BSC perspectives have been identified. The

next step is to determine possible measures for inclusion in the BSC. Using the materials gathered during

the gronnndwork stage, all relevant performance measures should be identified and listed. Each document

should be thoroughly reviewed and all identified measures should be compiled. Equations or formulae

used to calculate the measures should be included along with any targets for each measure. This list
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serves as a pool from which to draw the key measures for the performance objectives. This list is not yet

the master list of measures; this is the list of measures that are currently being tracked. During the

development of the performance objectives, it may become apparent that additional measures that are not

currently tracked are needed to track the BSC objectives. These new measures will become more apparent

as the project progresses and should be listed separately as they are identified. Along with all measures

listed, it is useful to have a set of parameters such as: maximum, minimum, optimal, and benchmark (how

other similar organizations perform). Data without goals or comparisons are meaningless (Brown, 1996).

For example, knowing that the phase average for a B-52 wing is 215 hours is not useful information

unless it is known that the phase average should be approximately 150 hours. The comparison data is

what indicates the actual performance of a measure.

4.2.5 Measure to Family Assignment

After the list of measures is compiled, a logical organization needs to take place. The measures are

assigned to families based upon similar characteristics and/or applications. An example of a measure and

its family is "sorties flown" and the "Productivity Family." "Sorties flown" measures productivity when

used in the context of a maintenance unit; therefore, it is assigned to the family of productivity-related

measures. Assigning measures to families is an initial starting point to the construction of the BSC. Once

families are created, they are assigned to perspectives in the BSC. It is important to note that each family

should be included in only one perspective; however, one perspective can be comprised of more than one

family. This facilitates a smooth process for adding measures to the scorecard. If a productivity measure

is required, it can be drawn from the Productivity Family. If a measure becomes too expensive or

cumbersome to measure, it can be replaced by another similar measure from the same family.

4.3 Finalization Stage

The finalization stage is the continuous improvement stage of the development process. This cyclical

stage includes assignment and reassignment of measures to the BSC based upon their pertinence to the

ever-changing activities and current strategies of the organization. This stage continues over the life cycle

of the BSC.

4.3.1 Measure Assignment to the BSC

An exhaustive list of currently tracked performance measures and candidate new measures now exist. The

next step is to select measures from this list for inclusion in the BSC. In the measure selection process, it

is important to note that a single person or scorecard should monitor no more than 20 measures (Brown,

1996). If necessary, measures can be combined into aggregate measures. Aggregation of measures is
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discussed in Section 4.3.5. When selecting measures, the most important factor is to ensure that each

chosen measure reflects the strategies developed earlier in the process.

Caplice and Sheffi (1994) provide eight evaluation criteria that can be used to pare down the exhaustive

list of measures into the measures that will eventually be included in the BSC. These eight criteria are

listed and defined in Table 4.1. Trade-offs exist between these criteria and will need to be evaluated based

upon organizational priorities.

Table 4.1: Eight Criteria Measures

Criterion Description

Validity The measure accurately captures the events and activities being measured
and controls for any exogenous factors

Robustness The measure is interpreted similarly by the users, is comparable across time,
location, and organizations, and is repeatable.

Usefulness The measure is readily understandable by the decision maker and provides a
guide for action to be taken.

Integration The measure includes all relevant aspects of the process and promotes
coordination across functions and divisions.

Economy The benefits of using the measure outweigh the costs of collection, analysis,
and reporting.

Compatibility The measure is compatible with the existing information, material, cash flows
and systems in the organization.

Level of Detail The measure provides a sufficient degree of granularity or aggregation for the
user.

Behavioral Soundness The measure minimizes incentives for counter-productive acts or game
playing and is presented in useful form.

Specific examples of criteria trade-offs are discussed next. A measure that is behaviorally sound may be

very uneconomic. That is, the measure may prevent cheating the system very well, but the cost of the

required supervision is prohibitively expensive. Another possible trade-off exists between the criteria

usefulness and level of detail. A measure that is readily understandable may be so watered down that it is

a poor reflection of what is actually going on and therefore useless. One method for making priority trade-

offs between these criteria is the use of a weighting system. Each criterion is assigned a priority weight

with the sum of all the weights normalized to 100 percent. Each measure is then assigned a weight
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corresponding to its value/importance to each criterion. The weighted sum of each measure is calculated

and the measures with the highest ratings are selected. This provides an efficient, quantitative method for

deciding between similar measures; however, this should not be the only selection criterion. Team

expertise and opinion on strategic prioritization should be employed when deciding between measures.

4.3.2 Correlation Determination

This can be the most challenging step in the development of an effective BSC. A scorecard without

strategic linkages is simply a group of unrelated performance measures. The key is to determine how the

strategy relates to each perspective in the BSC. Determining correlations, for example, the way in which

each perspective contributes to the success of the overall strategy, begins with the objective perspective.

This perspective contains the strategic goals for an organization, and all improvements elsewhere in the

BSC should positively affect it. The correlation process works through each perspective, showing how

each perspective relates to the objective perspective. Next is an example to exemplify this process.

The correlation process deals with building linkages from the other perspectives into the objective

perspective. The objective perspective contains measures that directly reflect the accomplishment of

objectives identified in Section 4.2.2. With the introduction of measures into each perspective of the BSC,

the following analysis should take place. First, the questions listed in Section 4.3.1 should be asked about

each measure included in the perspective. Subsequently, relationships between success in this measure

and success in other measures already in the BSC should be sought. This relationship can be between the

new measure and a measure in the objective perspective, or it can be between the new measure and a

measure elsewhere in the BSC that has already been linked to the objective perspective. If no linkages can

be identified, the measure is either a diagnostic measure or has no reason to be on the scorecard. For more

information on distinguishing between diagnostic and strategic measures, see Section 4.3.3.

After determining how the strategy is reflected in the measures, a hypothesis should be made about their

correlation. The hypothesis is a prediction of how improvements in each perspective will lead to an

improved bottom line in the objective perspective. As a hypothetical example, an increase in "departure

reliability" in the "Management Perspective" often percent may have a positive impact on "sorties

flown" in the objective perspective of three sorties more per month. Each hypothesis should be tested and

revised to give a more accurate correlation as needed. During the infancy of the scorecard, the testing and

revision should occur frequently, possibly every quarter. As the BSC matures. testing and revision mny

occur once a year or less. Occasionally, the hypothesis turns out to be false and the hypothesized
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correlation does not exist. Upon determining that a hypothesis is false, it should be eliminated and

replaced with a new strategically aligned hypothesis.

As a hypothetical example, a strategic correlation related to the goal of increasing air superiority is

discussed next and shown in Figure 4.3.

Air Superiority Strategy

Increase Departure Repeat .CANN
Sorties Reliability Recurrence Rated

Figure 4.3: Hypothetical Strategic Correlation

Suppose the strategy for air superiority is an increase in sortie generation often percent over the next five

years. "Sorties flown" is chosen as the measure to describe this goal. "Sorties flown" is located in the

objective perspective and is directly affected by "departure reliability" in the "Management Perspective."

It is hypothesized that an increase in "departure reliability" will directly affect sortie generation. In order

to increase "departure reliability," "repeat recurrences" must be reduced. As the cannibalization of parts

reduces mission capable planes and increases wear and tear on parts, it could have an adverse effect on
"repeat recurrences"; therefore, a reduction of the "CANN rate" will help achieve fewer "repeat

recurrences." It must be recognized that this is a completely hypothetical example, created to illustrate the

process of forming strategic correlations. It is important to note that each of the amounts hypothesized

should be based upon the principles of effective goal forming given in Section 4.2.1.

4.3.3 Measure Finalization

The pared-down measures can now be assigned to the actual scorecard. These measures were selected

based upon their strategic linkage in the scorecard and accurately depict the strategy of the organization.

At the conclusion of an initial BSC development, there may be gaps in the correlation where the

correlation does not continue all the way through the scorecard. The gaps in the correlation indicate where

strategic planning needs to include other aspects, such as internal enhancement or influencing factors. The

BSC bridges the strategic gap between organizational success and the factors that influence it. After any
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gaps in the correlation are filled, there may be other measures that still need to be added. These are called

diagnostic measures, which are not linked to strategy but are still important. These measures describe key

operating statuses. The scorecard can be analogically compared to a car dashboard. The speedometer,

odometer, and tachometer are strategic measures. The diagnostic measures are the low-gas light, engine-

maintenance light, and the low-oil pressure light. Diagnostic measures help to identify problems before

they become serious.

4.3.4 Ownership Assignment

This is an essential step in BSC development. Each measure must have an owner who is responsible for

tracking the measure. The owner has the responsibility to provide thorough documentation describing the

measure, provide reasoning for past performance, and supply other information that will help others to

interpret and assess the measure. Although a measure may appear on multiple scorecards, there is never

more than one owner. The use of multiple scorecards is discussed in the following section.

4.3.5 Scorecard Cascade

In general, the first BSC developed in any organization is a high-level BSC. After a high-level BSC has

been created, it should be cascaded. Cascading is a form of subdivision of measures. The measures on a

high-level scorecard are often comprised of other lower-level measures or aggregates. Cascading is the

structuring of these lower-level measures into lower-level scorecards. As previously noted, each person

should only have twenty or fewer measures to monitor. The common practice in cascading a scorecard is

to have each manager create a scorecard tailored to his or her responsibilities. Their scorecards contain

measures that aggregate into the measures on the higher-level scorecard. An example of aggregate

measures would be wing "sorties flown," which is comprised of the "sorties flown" in each squadron. A

hypothetical example of a cascaded scorecard would be each squadron's measure of "sorties flown" feeds

into the aggregate measure of "sorties flown" on the wing scorecard. The lower-level scorecards will

focus on unit-specific responsibilities. The measures on a high-level scorecard are generally very abstract

while the measures on the lower-level scorecards become increasingly more concrete. When cascading

scorecards, it is important to put only the measures necessary to the person or unit who uses the scorecard.

A scorecard for the flightline will not contain measures that pertain to munitions; however, the higher-

level scorecard over both these units will contain measures from both flightline and munitions.

4.3.6 Review and Revise

Periodically, a BSC must be revised and updated. This review and revision should take place frequently

during the infancy of the BSC. In the beginning, reviews should take place every quarter and continue
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until the hypotheses made in Section 4.3.2 have been validated. As the BSC matures, reviews can be

conducted annually or as strategic planning requires. Basic revisions can take place at any time. These can

include cascading down additional scorecards when new units are added or reorganized. Strategic reviews

should occur on the completion dates of milestones or after any change in organizational strategy. At this

time, major changes can be made to the scorecard, such as strategy changes, using different measures, or

changing targets for measures.
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5 BSC Field Study

Section 4. BSC Development Guide provides comprehensive guidelines for developing a BSC. In this

section, a case study is presented that describes the process undertaken by our team to validate and

exemplify the BSC Development Guide. The team developed a preliminary BSC for flightline MX

activities within an AMU. For each step of the BSC Development Guide, this section provides an

explanation of the work performed by the team and description of how the USAF contributed.

5.1 Groundwork Stage

5.1.1 Team Selection

As was noted in Section 4.1.1, a team must be assembled to develop a BSC. The BSC team is typically

made up of multiple members of a unit who are intricately involved in the development process. Since

this is an external project, the team was created in a unique manner. The team was organized according to

the expertise of University of Arkansas faculty and student research assistants. Because of the external

nature of the project, USAF personnel from the AFRL, Hill Air Force Base (AFB), and Barksdale AFB

collaborated with the team throughout the project.

5.1.2 Strategic Framework

Formulating a strategy is essential to providing the overall goals and objectives that are linked to the

BSC. The team investigated the important goals of the AMU through site visits, personal interviews, and

review of USAF documentation. The collected information shaped a strategy for the BSC. The developed

strategy is only intended to validate the correlation process for the preliminary scorecard. Using the

knowledge gained throughout the data collection process, the team formed and utilized the following

statement as the overall strategy for our preliminary BSC: "The strategy of a typical AMU is to work

toward improvement of combat capability by meeting key maintenance performance indicators."

5.1.3 Data Collection

Data collection is at the heart of a successful BSC. Without pertinent and accurate data about the process

being studied, the exhaustive list of possible measures cannot be correctly formulated. In producing the

preliminary BSC, the team gathered multiple sources of information. The team started by analyzing the

initial problem statement and developing questions about the scope of the project. The team needed

complete knowledge of how a BSC was formulated and implemented. An extensive literature search was

conducted on documentation about the BSC approach and applications of this approach within industry.
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This literature was important because it helped further explain the necessary methodology for building a

BSC and organize the team's thoughts on how to apply the BSC specifically to the USAF. Also, in order

to best develop the BSC Development Guide, the team needed a vast amount of information about the

AMU. The information provided by the USAF included specific sources for measures and their targets

and a general overview of the command hierarchy within the USAF MX organization. This information

was provided through multiple sources discussed in the following sections.

As discussed in Section 4.1.3, organizing collected data is vital to the development process. To maintain

the integrity and security of the collected information, all documents were kept in a secure location with

immediate access by team members.

5.1.3.1 Process Data

As stated in Section 4.1.3.1, process data is used to describe what actually occurs during the process for

which the BSC is being developed. Gathering process data includes:

1. Identifying the processes within the system

2. Collecting any documentation about the current processes

3. Determining the chain of command for each process

4. Documenting the processes

Members of the AFRL team visited the University of Arkansas campus to conduct a brief tutorial of high-

level Air Force operations. From this tutorial, the need for the team to see and collect information

concerning the flightline process was confirmed. The team visited Hill AFB in Ogden, Utah to collect

information concerning the USAF general flightline operations. The team was able to observe the entire

flightline process from the aircraft launch through all the processes undertaken after its landing to prepare

it for another launch. The team conducted briefings with individuals concerning supply, scheduling, and

maintenance. From this visit, the team took away a better understanding of the overall process- and began

identifying key measures used by the USAF for measuring performance of the flightline MX activities.

During the visit, the team identified documents that could be helpful in identifying performance measures.

The combination of site visit notes and USAF documents helped the team begin building an exhaustive

list of performance measures. At this point, the majority of the process data had been collected and the

team was ready to collect the strategic data.
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5.1.3.2 Strategic Data

Strategic data is information that can be used to explain the mission statement, vision statement, and core

values of an AMU and their daily implementation. This strategic information is imperative to the

formulation of the BSC. The analysis of the process data collected from the first site visit allowed the

team to focus the project's scope and pointed out the need for strategic data. Process data provided

information about the current performance measures in use but not the strategy that the USAF uses to

govern these measures. The team understood the basics of the flightline but needed to understand more

about the strategic focus of an AMU. A second site visit was scheduled to Barksdale AFB in Bossier City,

Louisiana. The main focus of the Barksdale visit was to answer questions concerning the strategic

approach of the AMU. Such questions included:

* Who the customers for the preliminary BSC are

* What reports are being used to measure performance that the team might not already have

* What are the most important measures used to assess performance

The team conducted interviews with USAF personnel including the MX Group Commander, the MX

Squadron Commander, the MX Squadron Chief Enlisted Manager, and the AMU Production Supervisor

(Pro Super). The team's investigation of the strategic approach sought the process improvements that

would lead to long-term improvements in specific areas such as the "mission-capable rate" and the total

number of "sorties flown." An example of improvements noticed by the team included how an increase

in supply chain reliability would lead to a decrease in the frequency of cannibalization actions and a

decrease in the MICAP start-to-stop time durations. The team noted that the key customers for the team's

preliminary BSC are the operations group, individual aircrews, and USAF higher command. The team

was introduced to the 9302 report and presentations during the weekly planning meetings. From this

information, the team discovered new possible measures and solidified the importance of others. Some of

the measures that stood out from the 9302 forms were the "CANN rate," "maintenance hours per flying

hour," "PMCM" and "TNMCM." AFRL personnel provided additional assistance by arranging the site

visit, serving as base guides during the visit, and answering post-visit questions.

5.1.3.3 Reference Materials

As stated in Section 4.1.3.3, reference materials are published documents that contain information on

relevant processes and their performance measurement. The team used documentation provided by the

Air Force to enhance the understanding of the operations under observation. The reference materials

provided by the Air Force included training and instruction guides (ACCI 21-165, 2000; ACCI 21-118,

2002; AFI 21-101 ACCSUPI-INT, 2003; AFI 36-2201v3, 2002; AFI 36-2232, 1999; HOF reports, 2003;

31



9302 forms, 2002), and the Metrics Handbook for Maintenance Leaders (AFLMA, 2001) to collect

process and strategic data. Because the team relied upon the USAF for the majority of the information

about its operations, reference materials were collected along with other data throughout the duration of

the project.

5.2 Design Stage

5.2.1 Goal Development

In Section 4.2.1, goal development is described as the process of turning a developed strategy into

attainable long-term goals. This stage is invaluable during the process of developing a working BSC.

Because of the external nature of this project, the in-depth knowledge required to formulate long-term

goals for the AMU was not available; thus, the team developed these goals based upon assumptions made

about the strategy of an AMU. The main goals identified by the team wer'e "to increase the total number

of sorties flown in a given period of time" and "to increase the mission-capable rate."

5.2.2 Objective Identification

Objective identification is described in Section 4.2.2 as the conversion of strategies and long-term goals

into specific timelines and events. For the team, this process consisted of recognizing some of the

measures that should be included in the objective perspective, because this is the perspective that drives

the BSC. From the strategy developed in Section 5.1.2 above, the team was able to identify a few key

measures to be placed in the objective perspective such as "sorties flown," "mission-capable rate," and
"maintenance hours per flying hour."

5.2.3 Perspectives Determination

The perspectives are critical components of a functional BSC. Perspectives provide a central theme for

each group of key measures incorporated into the BSC. The underlying strategy should be evident

throughout the selection of perspectives. The research team used the information gathered through site

visits and USAF documentation to determine the core competencies that drive success for an AMU.

These core competencies led the team to inspect how the original business perspectives developed by

Kaplan and Norton (1996) could be adapted to the AMU's structure. The team identified the following

four perspectives that were inline with the identified strategy and goals of an AMU and stayed true to the

DSC dcvclopmcnt proccss:

32



* Mission Perspective

* Management Perspective

* Internal Enhancement Perspective

* Influencing Factors Perspective

The original Bsc (Kaplan and Norton, 1996) was built around the objective perspective. All

improvements should have a positive impact on some aspect of this perspective. Taking this into account,

the research team determined that this perspective should reflect the completion of the prime objectives of

the AMU: increasing the ability to successfully accomplish missions and the ability to deploy as rapidly

as possible. This resulted in the development of the Mission Perspective. The Mission Perspective reflects

the productivity of a unit by measuring factors such as:

* How many units are flown in a given period

How many planes are ready to fly at a given time

* How efficiently a unit uses its time when compared to its productivity

All other perspectives should in some way improve this perspective. If they fail to do this, they should

either be represented in the Mission Perspective, or they are not worthy enough to include in the BSC.

The BSC perspectives can and should be used to represent major stakeholders. One of the major

stakeholders of the original BSC is the customer. The customer-related measures are used to measure

market share, customer retention, customer acquisition, customer satisfaction, and customer profitability.

The "customer" is not necessarily the best indicator for the USAF to use. The major stakeholders in the

place of outside customers are the management command. It is the perception of the higher command that

is important. Many of the measures they observe deal with efficiency in operating within pre-set standards

or schedules. This perspective also reflects the quality of work done. As stated above, each perspective

must improve aspects of the Mission Perspective. The Management Perspective indicates the timeliness

of work in the Mission Perspective.

Other major stakeholders in the USAF are supply and scheduling personnel. Effective supply and

scheduling encompass a vital part of increasing the USAF's ability to accomplish its mission successfully.

Supply is an aspect of operations that has a direct impact on success, but is, however, typically out of the

unit's direct control. Scheduling is similar to supply in that it is not under the control of the AMU. It was

observed that while measures in this perspective can be very informative, they Should be considered with

care. They must not be given undue weight. For this reason, the team developed the Influencing Factors

Perspective to include these stakeholders.
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Learning and growth are two of the greatest assets of the BSC. Through them, internal investments in

training, capital investments in equipment, and building of infrastructure can be linked to financial gains.

The Internal Enhancement Perspective is similar to this in that it reflects investments into training and

internal quality. Many times it can link indirectly into Mission Perspective through the Management

Perspective by increased adherence to or exceeding of pre-set standards. It can also link directly into the

Mission Perspective through increased capability and capacity.

The four perspectives developed by the research team-Mission Perspective, Management Perspective,

Internal Enhancement Perspective, and Influencing Factors Perspective-should be considered a starting

point to developing a BSC for an AMU. These perspectives should be carefully reviewed to assist in

developing perspectives for BSCs for use in an actual AMU. The most important aspect of a BSC is the

actual development process. Success comes through identifying the key stakeholders and competencies

and then exploiting them.

5.2.4 Performance Measure Identification

The final measures included in a BSC are a collection of a specific entity's most important and relevant

performance measures. The measures included in the final BSC are chosen through an extensive process.

The first step in identifying the measures is to list all possible measures available for examination, and

also identify new potential measures. From this now-exhaustive list, the selection process can begin.

The team used the collected documentation and external interviews to identify a comprehensive list of

performance measures. The team primarily used three resources to identify these measures: the 9302

forms (2002), the HOF reports (2003), and the Metrics Handbook for Maintenance Leaders (AFLMA,

2001). Additional measures were identified by a team member in an interview with a retired USAF

General. The team sought additional measures to contribute to the Internal Enhancement Perspective.

Most of the measures collected from documentation appeared to fit well within the other three

perspectives, but measures for the Internal Enhancement Perspective were more difficult to identify.

Some of the measures identified for this perspective include Equal Employment Opportunity (EEO)

complaints, Inspector General (IG) complaints, and Special Experience Identifiers.

Each listed performance measure wag identified by the team qR a menasire ii.ed hy the I IPAF to gange ian

AMU's execution of flightline activities. The comprehensive list created by the team includes the name of
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the measure and which, if any, of the three predominately used resources the measure came from. The

exhaustive list of performance measures is provided in Appendix 2.

5.2.5 Measure to Family Assignment

Once all measures are compiled, families are established and measures are assigned to a specific family.

Families are used to organize the list of identified measures into groups based upon the characteristics or

objectives of each measure. The team reviewed the exhaustive list of performance measures and assessed

the similarities among the measures. The similarities that surfaced became the basis of the created

families. The family names and a description of each family are discussed in Table 5.1.

Table 5.1: BSC Family Descriptions

Productivity These are all bottom-line measures that show how well a unit is accomplishing its
mission by quantity and quality of its deliverables.

Supply These are all outside supply measures. These are indirect factors that must be
controlled in order to accomplish mission objectives.

Timeliness These are measures that reflect how well a unit is accomplishing its tasks on time. Its
measures also reflect how well a unit completes repairs compared to the average
time required for these repairs USAF-wide.

Excellence These measures reflect the quality of work accomplished by a unit.

Growth These are measures that reflect the morale of a unit. They also reflect the behavior of
its members and show their efforts toward self-improvement.

Scheduling These are additional measures that show outside influences on an AMU's work. They
show how well an AMU complies with the flight schedules and what might be outside
their control.

Each measure was then assigned to a family based upon its association with the most appropriate family

description. The assignment of each measure and its corresponding family is provided in Appendix 3.

Next the team assessed the relationship of each family to the four perspectives. A perspective can have

more than one family, but each family cannot be assigned to more than one perspective. Table 5.2

provides the four perspectives created and each perspective's corresponding family or families. The

families serve as attributes for each of the perspectives.
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Table 5.2: Perspective to Family Relationship

Perspective Family

Mission Productivity

Influencing Factors Scheduling

Supply

Management Timeliness

Internal Enhancement Excellence

Growth

5.3 Finalization Stage

5.3.1 Measure Assignment to the BSC

Assigning measures to the BSC is the culmination of all the previous steps. The perspectives and families

have been defined, and now is the time to begin selecting the measures that best represent the overall

strategy of the AMU. When the team completed the exhaustive list of measures, the number of measures

accumulated was close to 90. A typical BSC contains between 20 - 25 measures. The candidate measures

were evaluated and eliminated according to their perceived value toward achieving the overall strategy of

the AMU and the importance of each measure in accordance to its appearance in USAF documentation.

This process was used to create a reduced list of measures that were likely candidates for inclusion in the

BSC.

After this initial screening, the remaining measures were evaluated based upon the Caplice and Sheffi

(1994) criteria found in Table 4.1. By evaluating the measures based upon these trade-offs, the team was

able to cultivate a smaller pool of candidates for use in the BSC. Assigning measures to the BSC is not

the process that produces the final set of measures. The intention of the process is to establish a set of

measures that could be used in the BSC if they succeed through the final stages of the development

process.
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5.3.2 Correlation Determination

Forming linkages between measures in the BSC creates cohesiveness between the perspectives that

allows the organization to maximize the use of the BSC. When strategies are developed, correlations can

be produced within the measures of the BSC. Given the external nature of this research and the dynamic

nature of the USAF, the team could only hypothesize possible strategies for Air Force success because of

the lack of internal process knowledge. The hypothesized strategies were used to develop an example

correlation to test the team's example scorecard. The example correlation was based upon the team's

experience throughout the project, and was explained in Section 4.3.2. This correlation allowed the team

to solidify some of the measures to be put into the final BSC.

Correlations should be developed using the firm foundation of strategic knowledge from within an AMU.

From an internal perspective, correlations should be extensively evaluated before finalizing the measures

in the BSC. The correlations between various measures could greatly affect the success of the BSC. The

purpose of the BSC is to tie multiple facets of an organization together; correlations exhibit those ties.

5.3.3 Measure Finalization

The final measures to be included in the BSC will represent the perspectives comprehensively to ensure

that an accurate reading of the organization as a whole can be taken. Each measure's definition or

function is very important when settling on the final measures (Table 5.3). After the correlations are

produced, there may be perspectives with fewer measures than anticipated. As was discussed in Section

4.3.3, a BSC should contain two different types of measures: strategic and diagnostic. Strategic measures

define an organizational strategy. The measures remaining to be assigned after the determination of

correlation are likely to be diagnostic. Diagnostic measures monitor whether a process stays in control.

Diagnostic measures fill gaps as the measures of the BSC are finalized.

Because of the external nature of the project, the team selected some of the final measures for the

preliminary BSC based more upon the collective knowledge of the team than on the correlations

produced. The team selected a small portion of the strategic measures from the correlations produced and

the other portion based upon the assumptions made about the strategic goals of an AMU. The team filled

in the gaps with diagnostic measures such as "CANN rate," "TNMCM," and "total abort rate." For a final

AMU BSC, more measures should be finalized through the study of correlations. This would solidify the

strategic linkages within the BSC and therefore increase the resulting benefits. The preliminary BSC

developed by the team is shown in Figure 5.1 and the preliminary definitions are shown in Table 5.3.
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Mission Perspective Influencing Factors Perspective

- Long-term ability to improve combat capability - Success with collaborators and functional
processes

* Maintenance hours per flying hour
* MC rate + CANN rate

* PMCM * MICAP fill rates

* Sorties flown * MSE

* TNMCM * TNMCS

Management Perspective Internal Enhancement Perspective

- Achievement of customer service - Necessity for innovation and growth

* Adherence to OPS/MXS schedule * CND rate

* DD rateAWM * RR rate

# Total Maintenance deviations * Special Experience Identifiers

* 4-hour fix rate * Total abort rate

* 8-hour fix rate * Training schedule adherence

* 12-hour fix rate + Upgrade Training

# Days in Phase/ISO * Unit average technical skill level

Figure 5.1: Preliminary BSC for AMU Flightline MX Activities

Table 5.3: Definitions of Preliminary BSC Measures

Mission Perspective

Maintenance hours per flying hour The total number of maintenance hours performed
versus the total number of flying hours

MC Rate The total number of mission-capable hours (fully or
partially) versus the total number of possessed hours

PMCM ThG number of posscsced hourc an 2ircraft ig partially
mission-capable due to needed maintenance
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Mission Perspective

Sorties flown The number of sorties flown in a specified period of
time (week, month, year)

TNMCM The number of possessed hours an aircraft is totally
not mission-capable due to maintenance

Influencing Factors Perspective

CANN rate The number of cannibalization actions versus the
number of sorties flown in a given time period (week,
month, year)

MICAP fill rate The time duration or how long the fill process takes for
a Mission-Impaired Capability Awaiting Parts aircraft

MSE The number of maintenance actions started versus the
number of maintenance actions scheduled

TNMCS The number of possessed hours an aircraft is totally
not mission-capable due to supply

Management Perspective

Adherence to OPS/MXS schedule The number of deviations from the OPS or MXS
schedule committed

DD rate AW\M The average number of deferred discrepancies due to
maintenance in a given time period (week, month,
year)

Total maintenance deviation The total number of deviations from the maintenance
schedule

4-hour fix rate The percentage of aircraft that return with a Code 3
break and are returned to MC status within 8 hours

8-hour fix rate The percentage of aircraft that return with a Code 3
break and are returned to MC status within 4 hours

12-hour fix rate The percentage of afrcraft that return with a Code 3

break and are returned to MC status within 12 hours

Internal Enhancement Perspective

CND rate The total number of in-flight discrepancies that could
not be duplicated by maintenance personnel versus
the total number of in-flight discrepancies

RR rate The number of fixed problems that reoccur versus the
total number of fixed problems
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Mission Perspective

Special experience identifier Special hands-on training or experience an individual
receives and is given credit for

Total abort rate The total number of sorties aborted versus the total
number of sorties attempted

Training schedule adherence The number of deviations from the training schedule
committed

Upgrade training The status of an individual concerning the next
upgrade in level of maintenance training

Unit average technical skill level The cumulative skill level of personnel in a unit per the
number of personnel in a unit

Because the BSC was externally produced, validation was an important step in the case study. The team

created a questionnaire (presented in Appendix 4) that was administered by AFRL personnel to attendees

at the 2003 LOA National Conference. This conference was held 13-16 October 03 in Oklahoma City,

Oklahoma. The questionnaire sought the expertise of logistics personnel in ranking the criticality of the

measures on the preliminary BSC. Additional information about the analysis and results of the

questionnaire is provided in Section 6.

5.3.4 Ownership Assignment

Assigning ownership of measures to specific individuals is important to the success of a BSC because a

single person cannot constantly monitor or be held accountable for all of the BSC measures. Because the

team is external and the BSC is not being implemented at this time, ownership assignment was not

undertaken. Ownership to particular measures would be assigned by the individual in charge of the entire

BSC. Since multiple BSCs are possible within one wing or even one squadron, one individual may own

an entire BSC and also use their BSC as a single measure for a higher-level BSC.

5.3.5 Scorecard Cascade

Scorecard cascading is outside the scope of this project. The team did develop one suggestion of a

possible opportunity for cascading. The daily and weekly meeting hierarchy would be an excellent way to

cascade the BSC. The commander would have the high-level BSC developed by the project team. Each

sub-commander would have a scorecard developed with measures cascaded down from measures in the

commander's scorecard. The aggregation of each of the sub-commanders' BSCs would form the

commander's BSC.

40



5.3.6 Review and Revision

Review and revision is key to the continued success of a BSC. By reviewing the BSC at scheduled

intervals, the opportunity for continuous improvement exists. Within the context of a functioning BSC,

the internal team would use the review time as constructive criticism of the current BSC. This is both

productive and healthy for an organization. Continuous improvement is imperative to the survival of

efficient practices and success as an organization.
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6 BSC Validation

The questionnaire discussed in Section 5.3.3 and presented in Appendix 4 was used to obtain expert

opinions about the hierarchy of the perspectives and measures included in the preliminary BSC. The

purpose of this questionnaire was to see if logistics personnel believed that there were more important

measures that should be added or current measures that should be omitted. The questionnaire requested

each respondent to rank each of the four perspectives in decreasing criticality and rank each measure

within the four perspectives by decreasing criticality within their perspective. The rankings used an

increasing numeric scale to portray relative criticality: the lower the number, the higher the criticality,

with I being the most critical. The questionnaire also requested that the respondents suggest any omitted

measures that they deemed pertinent.

Thirty-six respondents completed the anonymous questionnaire. Responses from each questionnaire were

entered into a Microsoft® Excel spreadsheet. This Respondent Raw Data Spreadsheet is presented in

Appendix 5. The spreadsheet is divided into three sections corresponding to the information requested on

the questionnaire. The first section displays how each individual ranked the four perspectives on a scale

of one to four, with one being the most critical and four being the least. The second section contained four

parts, displaying how each individual ranked the measures corresponding to each of the four perspectives.

The third section displayed the job classification of the respondent.

The questionnaires were examined for completeness and usefulness and a set of criteria was developed to

determine possible outliers. Outliers were questionnaires that did not fully conform to the guidelines of

the questionnaire. These outlier questionnaires were removed from the study, resulting in 26 viable

respondents. The discarded questionnaires were 2, 3, 4, 9, 14, 16, 25, 27, 34, and 35 as shown by the

shaded rows of the Respondent Raw Data Spreadsheet. An example of an outlier questionnaire is one

where the respondent combined two of the perspectives into one and ranked them using their own

method. There were also questionnaires with minor problems such as only three of the four perspectives

being ranked or the measures being ranked but not the perspectives that were also discarded.

Next, a count of the times each perspective and each measure within each perspective was assigned a

particular ranking of 1, 2, 3, etc. was computed. The corresponding percentage represented the number of

timncs cacl perspcctive or nicaaurc was givcn that ranking out of the total numbcr of quc3tionnaircs. The

percentages allowed the data to be conceptualized in a more meaningful manner.
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In addition to the comprehensive results of the respondents as a whole, the results were categorized by

respondent job function level where adequate sample size within the category permitted, specifically

group-level maintenance supervision/staff and squadron-level maintenance supervision/staff. Of the 26

questionnaires used for analysis, 23 of them fell into one of these two job function levels. The analysis

was repeated for each group individually, allowing for observation of how the two levels ofjob function

may differ in their view of the criticality of the perspectives or measures.

The analyzed data from the various groupings is presented in a graphical format in the following sections.

The graphs are stacked bar graphs with each column representing a specific perspective or measure. The

bars contain the percentages of each ranking (Is, 2s, 3s, etc.) that were obtained by each perspective or

measure within its perspective. Separate graphs represent the criticality of the four perspectives and the

criticality of each measure within its perspective. Sections 6.1 and 6.2 respectively present the analyzed

results from all questionnaires (26) and the questionnaires categorized by job function level including

group-level (10) and squadron-level (13).
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6.1 Comprehensive Results

Figure 6.1 presents the summary of the criticality of the perspectives from all 26 viable respondents. The

results indicate that the Mission Perspective is the most critical perspective with 62% of the respondents

giving it the top ranking (1). From the results, it can be concluded that Management Perspective is the

next most critical with 23% of the respondents ranking it as the most critical (1). The least critical

perspective is Internal Enhancement Perspective with 62% of the respondents ranking it as the least

critical (4). This is an expected finding; as this perspective contains measures that are least tangible and

has the most measures that are not currently being tracked by the USAF.

Perspectives

100%

80%

70% - 19% 62% --_

2 .o2

30%0% L
Mission Influencing Factors Management Internal Enhancement

Figure 6.1: Distribution of Responses to Perspectives
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Figure 6.2 presents the criticality of the Mission Perspective measures. The measures were ranked on a

scale from I to 5, with I being the most critical measure. The results clearly indicate the "MC rate" is the

most critical measure with 58% of the individuals ranking it as the most critical (1). "Maintenance hours

per flying hour" measure is the second most critical with 50% of the respondents ranking it as first or

second most critical (I or 2). It is obvious by the graph that "PMCM" is the least critical measure with

58% of the respondents ranking as the least critical (5) and no respondent ranking it as most critical.

Based upon these findings, "PMCM" is a strong candidate for removal from the preliminary BSC.
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Figure 6.2: Distribution of Responses to the Mission Perspective Measures
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Figure 6. 3 presents the criticality of the Influencing Factors Perspective measures. The measures were

ranked on a scale from 1 to 4, with 1 being the most critical measure. The results indicate the "MICAP fill

rate" is the most critical measure with 38% of the individuals ranking it as the most critical (1). The

ranking of the other measures in this perspective are less conclusive. Interestingly, "Maintenance

Scheduling Effectiveness" has the next highest percentage of respondents (31%) ranking it as most

critical (1) and the highest percentage of respondents (50%) ranking it as least critical (4). Respectively

53% and 42% of the respondents rank "CANN Rate" and "TNMCS" as most (1) or second most (2)

critical.
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Figure 6.3: Distribution of Responses to the Influencing Factors Perspective Measures
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Figure 6.4 presents the criticality of the Management Perspective measures. The measures were ranked

on a scale from 1 to 7, with I being the most critical measure. The results strongly indicate the

"Adherence to OPS/MXS Schedule" is the most critical measure with 58% of the respondents ranking it

as most critical (1). The next most critical measure is "Total Maintenance Deviations" with 39% of the

respondents ranking it as most (1) or second most (2) critical. The "12-Hour Fix Rate" was deemed more

critical than the "4-Hour Fix Rate" and "8-Hour Fix Rate." Potential measures for removal from the BSC

are "DD Rate AWM" and "4-Hour Fix Rate."
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Figure 6.4: Distribution of Responses to the Management Perspective Measures
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Figure 6.5 presents the criticality of the Internal Enhancement Perspective measures. The measures were

ranked on a scale from 1 to 7, with I being the most critical measure. The measure ranking results of this

perspective is less conclusive. The results indicate that "CND rate," Repeat-Recur (RR) Rate," Upgrade

Training," and "Unit Average Technical Skill Level" are the most critical measures with the greatest

number of respondents ranking these measures as most (1) or second most (2) critical. "Special

Experience Identifiers" was ranked the least critical (7) with 50%.
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Figure 6.5: Distribution of Responses to the Internal Enhancement Perspective Measures

6.2 Level of Job Function Results

The graphs for respondent rankings by job function level are presented in this section. The majority of the

observations are similar to those made in the combined results presented in Section 6.1. Important

findings that differ between the two job function levels are noted.
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6.2.1 Perspective Rankings

Figure 6. 6 and Figure 6. 7 present the criticality of the perspectives from the group-level and squadron-

level respondents respectively. Both sets of ranking results are similar to the combined ranking shown in

Figure 6.1 except for the least critical perspective. Observation of Figure 6. 6 shows that Influencing

Factors Perspective is the least important perspective for the group-level respondents, while Figure 6. 7

indicates that the Internal Enhancement Perspective is least critical for the squadron-level respondents.

This result is interesting and supports the cascading of different BSCs for differing levels of the USAF.
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Figure 6.6: Distribution of Group-Level Responses to Perspectives
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Perspectives (Squadron Level)
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Figure 6.7: Distribution of Squadron-Level Responses to Perspectives

6.2.2 Measure Rankings for the Mission Perspective

Figure 6.8 and Figure 6.9 present the criticality of the measures within the Mission Perspective from the

group-level and squadron-level respondents respectively. Both sets of ranking results are similar to the

combined ranking shown in Figure 62.
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100% 2..
90%- 1

40%%

80%

40%

70% 05
50% 20

]E---

40% ...

Maint. /Fly MC Rate PMCM Sorties Flown TNMCM
Hours

Figure 6.8: Distribution of Group-Level Responses to the Mission Perspective Measures
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Mission Perspective (Squadron Level)
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Figure 6.9: Distribution of Squadron-Level Responses to the Mission Perspective

6.2.3 Measure Rankings for the Influencing Factors Perspective

Figure 6.10 and Figure 6.11 present the criticality of the measures within the Influencing Factors

Perspective from the group-level and squadron-level respondents respectively. Both sets of ranking

results are similar to the combined ranking shown in Figure 6.3 except for the ranking of the MSE. This

measure has very low criticality for the group-level with 80% of the group-level respondents ranking it

least critical (4), but has the second-highest criticality for the squadron-level respondents.
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Influencing Factors Perspective (Group Level)
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Figure 6.10: Distribution of Group-Level Responses to the Influencing Factors Perspective

Measures
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Influencing Factors (Squadron Level)
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Figure 6.11: Distribution of Squadron-Level Responses to the Influencing Factors Perspective

Measures

6.2.4 Measure Rankings for the Management Perspective

Figure 6.12 and Figure 6.13 present the criticality of the measures within the Management Perspective

from the group-level and squadron-level respondents respectively. Both sets of ranking results are similar

to the combined ranking shown in Figure 6.4.
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Management Perspective (Squadron Level)
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Figure 6.13: Distribution of Squadron-Level Responses to the Management Perspective Measures

6.2.5 Measure Rankings for the Internal Enhancement Perspective

Figure 6.14 and Figure 6.15 present the criticality of the measures within the Internal Enhancement

Perspective from the group-level and squadron-level respondents respectively. The sets of ranking results

differ from the combined ranking shown in Figure 6.5 in their assignment of the most critical measures.

Figure 6.14 shows that the most critical measures for the group-level respondents are "Repeat-Recur

(RR) Rate" and "Unit Average Technical Skill Level" similar to the combined results in Figure 6.5. The

squadron-level results shown in Figure 6.15 indicate the most critical measures as "Total Abort Rate" and

"Upgrade Training." These differences again support the use of different BSCs for differing levels of job

functions.
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Internal Enhancement Perspective (Group Level)
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7 BSC Software Package Review

7.1 BSC Software

This section discusses BSC software, including standards for the selection and a detailed review of three

software packages. Through the BSC, strategies are mapped and monitored. The BSC allows management

to keep track of lagging and leading indicators to indicate the success and failure of these strategies. The

BSC facilitates cascading of these strategies throughout an entire organization. In order to successfully

accomplish this, many different variables must be monitored and communicated to a variety of

stakeholders. It is useful for these stakeholders to have these variables visualized in the format of a BSC.

The management and presentation of this extensive information is the primary reason BSC software

packages have been developed.

7.2 Standards for the Software

There are many BSC software packages available on the market, but limited standards by which to

compare them. The Balanced Scorecard Collaborative, Inc. (BSCol) is a firm that was founded by Kaplan

and Norton, creators of the BSC, to increase awareness and use of the BSC. The BSCol developed a set of

standards to assist end-users and developers of BSC software packages in assuring that their software

packages make full use of the BSC. The complete functional standards documentation provided by the

BSCol is provided in Appendix 6. The stated purposes of these standards are:

* To provide guidance to user organizations in their evaluation and selection of a BSC software

package

* To help define development guidelines for software companies seeking to support the Kaplan and

Norton BSC methodology

7.3 BSCol Functional Standards

The BSCol suggests four categories of features that should be included in the BSC software packages:

* Design

+ Strategic Education and Communication

* Business Execution

* Feedback and Learning

The BGCol con~idoro thooe ao the minimum neceeary features, and many goftfiare packages go beyond

them. A comprehensive discussion of these categories is located in Section 7.4.
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7.3.1 Design

The BSCol suggests the following features for the Design category:

* View strategy from the four perspectives

* Identify strategic objectives for each perspective

+ Associate measures with strategic objectives

+ Link measures in cause-and-effect relationships

+ Assign targets to measures

+ List strategic initiatives

7.3.2 Strategic Education and Communication

The BSCol suggests the following features for the Strategic Education and Communication category:

• Enable users to document and communicate descriptions of objectives, measures, targets, and

initiatives

7.3.3 Business Execution

The BSCol suggests the following features for the Business Execution category:

* Explicitly show the relationship between initiatives required to achieve strategy

7.3.4 Feedback and Learning

The BSCol suggests the following features for the Feedback and Learning category:

* Measure results against targets

* Rely on objective and subjective judgments, for example, do not overrule the judgment of the senior

executive

* Have graphical indicators of performance

7.4 Available Features

During the software review, important features were identified by the research team. These features

ranged from network compatibility to user ease and friendliness. The presence of these features in each of

the three software packages was assessed through review of manufacturer specifications. The

effectiveness of these features was not tested. The most prominent features including networking,

interface, a3osarnont capabilitioo, and optiono are diaouoood next.
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7.4.1 Networking Features

* Client/Server Support- Software package can be used over an intranet.

* Cross Platform Support - Software package has the capability to use additional operating systems

other than Windows®, such as UNIX® or Mac®.

* Integration capabilities w/ existing software - Software package can use data from existing data

collection software such as Online Transaction Processing (OLTP) or Enterprise Resource Planning

(ERP) systems, data warehouse systems, and others. This feature is very important to quick

integration of the BSC.

# Real-Time Update of Information - Information is updated instantly instead of at the end of a day or

week, for example

* Web support - A web-supported package that can be accessed via an Internet connection.

7.4.2 Interface

+ Graphical User Interface (GUI) - Software package uses a Windows® style point-and-click interface.

+ Graphs and Trends - Graphs and trends can be used to describe measures.

* Notes for Measures and Initiatives - Software package has the option to enter notes, descriptions,

reasons for actions, or any other pertinent information that assists in understanding measures or

strategic initiatives. These appear with the measures on the BSC.

+ Personal Scorecard - Each person involved in the BSC can have a personal scorecard that focuses

only on the measures over which they have ownership.

+ Report-Making Wizard - Software package includes programs to help take the information from the

software package and create hardcopy reports.

+ Scorecard Construction Wizard - Software package includes programs or macros that help users

construct their own scorecards without extensive knowledge of the BSC.

* Status Warning for Measures - Software package sends warnings whenever a measure leaves

acceptable parameters. Examples of warnings are color-coded indicators and e-mails to the owner of

the measure.

* Strategic Themes - Strategy is depicted on-screen within the software package to easily observe how

measures and initiatives apply to it.

* Wizard to Install New Measures - Software package helps the users to implement new measures

wtthout vendor ac~ivtonee or eytenijve training. Packae•w ith thig feature are more robuct and can

adapt easily.
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7.4.3 Assessment Capabilities

* Drill-Down Capability - Features let a higher-level scorecard break down its aggregate measures into

lower-level measures. This is useful in locating problem measures that are outside their acceptable

parameters.

* Milestone Markers - Milestone markers show the progress toward achieving long-term goals.

* Quantitative Analysis - Software package has the capability to perform statistical analysis on

information received from the measures, such as averages and trends, for example.

* Show Cross-Linkage of Measures - Software package shows the interrelations that exist between

measures.

7.4.4 Options

* Access ControlAccording to User -This restricts users from accessing measures outside their

responsibility or measures that are higher up the scorecards.

* E-mail Integration - There is an integrated e-mail system to deliver messages about measures, notes,

or other BSC-related information.

* Excel Capabilities - Measures can be integrated into Microsoft® Excel spreadsheets for further

analysis.

* Security Features - These are features such as user login, network encryption, and other features that

protect the data in the scorecard.

7.5 Selected BSC Software Package Comparison

As previously mentioned, three BSC software packages, ActiveStrategy EnterpriseTM, SPimpact, and

pbviews, were examined and compared. A brief description of each software package is provided in this

section. In addition, the matrix in Table 7.1 is presented to summarize the features of each software

package. The criteria used to evaluate the software packages include the BSCol standards, the features

described in Section 7.4, and team judgment. This matrix shows that pbviews contains all the preferred

features.

7.5.1 ActiveStrategy Enterprise TM

ActiveStrategy releases several versions of their BSC software package. These range from a basic

norecnnrd e diticn tn their Fnterprike erlition with fiull fimr.tinnonlity nf nl fe, ntre. Fnr the.se, r.nmpqriqnn•,

the Enterprise edition was examined.
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ActiveStrategy EnterpriseTM focuses on measure ownership with personal scorecards to help each person

keep track of his or her own measures. It also implements security features so that each person only has

access to information relevant to his or her job. It features drill-down capability to help divide aggregate

measures for analysis. In order to facilitate organization and focus, it sends relevant reminders and

warnings to measure owners.

ActiveStrategy EnterpriseTM claims to be a "ready out of the box" package. ActiveStrategy states it can be

fully implemented on the most sophisticated systems within eight to 12 weeks. Several integration

packages are included to help ensure total compatibility. The system can work over an intranet and/or

Internet. Contact information for ActiveStrategy is provided in Appendix 7.

7.5.2 SPImpact

Open Ratings claims their SPImpact BSC software package completely follows the traditional BSC

methodology. It supports all basic BSC features, including drill-down capability, milestone markers,

multiple scorecards, and quantitative analysis. It also supports prioritizing of initiatives, performance

tracking, and display of interdependencies among units.

SPImpact employs integration software for most data sources. It also integrates with company e-mail

systems to send assessments, reminders, and alerts. SPimpact includes development wizards for

scorecards and automated system maintenance and updating.

SPImpact has an out-of-the-box set-up, which helps reduce initial set-up time. The software package

includes security features such as enrollment and user privileges. This allows for the creation and

maintenance of multiple scorecards. Contact information for Open Ratings is provided in Appendix 7.

7.5.3 pbviews

Panorama Business Views has a performance measurement software package called pbviews. pbviews

supports a broad range of performance initiatives including the BSC. Their software package is

compatible with most measurement systems and existing software. For those that are not directly

compatible, pbviews employs a translating system.

Tho roscarch arom took part in a proncntatdon by a Panorama Ducineo V\Jonwr abalQ reprecontativo.

pbviews has a user-friendly interface. Each BSC measure has a range of descriptions including ownership

(the person in charge of the measure), notes, strategic goals, and the ability to look back over time to find
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trends. pbviews supports the drill-down function (the ability to go down through each measure to see its

,aggregates). It was not apparent whether linkages could be formed between different measures and

perspectives.

The software package is deployable over an intranet, Internet, or both. The administrator has the option of

restricting access to measures according to the ownership of the measure. pbviews allows direct input of

results by authorized users. Contact information for Panorama Business Views is provided in Appendix 7.

Table 7.1: BSC Software Comparison Matrix

Features BSC Software Packages

Network ActiveStrategy SPImpact pbviews

EnterpriseTM

Client/Server support X X X

Cross-platform support X X X

Integration capabilities w/existing software X X X

Real-time update of information X X X

Web support X X X

Interface

Graphical user interface X X X

Graphs and trends X X X

Notes for measures and initiatives X X X

Personal scorecard X X

Report-making wizard X X X

Scorecard construction wizard X X X

Status warnings for measures X X X

Strategic themes X X X

WlzVraU to Install neuw 111utiuZ5Uit X
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Features BSC Software Packages

Network Acti.veStrategy SPImpact pbviews
EnterpriseTM

-Assessment Capabilities

Drill-down capability X X X

Milestone markers X X X

Quantitative analysis X X X

Show cross-linkage of measures X X X

Options

Access control according to user X X X

E-mail integration X X X

Microsoft Excel capabilities X X

Security features X X X
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Appendix 1: Flightline Maintenance Process

(Excerpted from Flightline Orientation Briefing, 10 March 2003)

Aircraft Landing

The beginning of the maintenance process starts when an aircraft returns from a mission. The table below

describes the events involved.

Event What Happens

Aircraft returns from a mission Before the aircraft lands, the aircrew may relay aircraft or system
discrepancies by radio to the flightline. The aircrew generally converts
these discrepancies into a series of standard quick-reference codes to
expedite transmission and to allow better understanding of the nature
of the discrepancy.

Final landing preparations Maintenance personnel begin to prepare for the aircraft landing.
Maintenance specialists are identified to work reported in-flight
discrepancies.

After landing The aircraft taxies to or near its designated parking location. For some
aircraft, the aircrew may refuel at a fuel pit before taxiing to the
assigned parking location.

Parking Once at the parking location, the aircrew may power down systems
and engines. In the event of an Integrated Combat Turn (ICT), the
aircrew may keep certain systems and engines running as
maintenance personnel prepare the aircraft for an immediate launch.
A complete discussion of ICTs and Quick Turns is found later in this
chapter.

Aircrew departure Once the aircraft systems and engines are off, the aircrew departs the
aircraft. In some cases, the aircrew will discuss discrepancies with the
maintenance specialist at the aircraft. Doing so provides the
maintainer more detailed information as to the nature of the
discrepancy than would otherwise be available. The aircrew should
record all noted in-flight discrepancies in the Aircraft Forms before
departing for aircrew debriefing. An aircraft forms binder is normally
taken to aircrew debriefing. Maintenance personnel begin their work
once the forms are returned to the aircraft.
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Parking and Recovery

During this phase, the aircraft is "safed" for ground operations and parked at its designated location.

Though the sequence of events may vary for different types of aircraft, the basic process is the same:

* Landing gear pins are immediately installed to prevent the gear from inadvertent collapse;

* Grounding wires are installed, and aircraft systems, gun systems, and munitions are "safed";

+ Engine oil samples are taken for spectrometric examination;

* Aircraft circuit breakers are set, streamers placed, and protective covering positioned;

* If necessary, the aircraft is towed to its designated parking location, where servicing actions begin

Aircraft Servicing

Aircraft servicing actions typically include checking system fluid levels and lubrication. The most

common fluids requiring servicing include engine oil, hydraulic fluid, and fuel. The next scheduled

mission generally dictates fuel loads; however, if this information is unavailable, the fuel tanks are filled

to a designated minimum "Ramp" load. Safety is paramount during any fueling/de-fueling operation.

While servicing actions take place, the aircrew is debriefed.

Aircrew Maintenance Debriefing

An aggressive aircrew maintenance debriefing program is essential to the maintenance process to ensure

accurate reporting and documentation of aircraft malfunctions. The debriefing session is the cornerstone

for the entire maintenance documentation process; it documents historical data for identification of repeat

and recurring discrepancies to assist in troubleshooting and correcting malfunctions. Documentation

systems used by the debriefing section include Core Automated Maintenance System (CAMS), G081

(CAMS for Airlift), Tactical Interim CAMS/REMIS Reporting System (TICARRS), or Computerized

Fault Reporting System (CFRS).

Debriefing is normally conducted at the end of each sortie or abort. Maintainers use debriefing to

document in-flight discrepancies, aborts, in-flight emergencies, flying time information, Event History

Recorder readings, Operational Check Flights, Functional Check Flights, and munitions drops.

The debriefer should properly identify and document repeat or recurring discrepancies, as well as landing

status, system capability, deviation, and system fault codes.
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Repeat/Recurring Discrepancies

During the debriefing process, in-flight discrepancies are reviewed to ensure they are identified as a

repeat or a recurrence when necessary. A repeat discrepancy is one that occurs on the next attempted

sortie after corrective action is complete. Generally, a recurring discrepancy is one that is complete,

although this may differ by command.

Land Status Codes

Aircrew and maintainers use landing status codes to indicate aircraft status upon landing. The table below

lists these codes.

Code Description

1 Aircraft mission capable with no additional discrepancies

2 Aircraft or system has minor discrepancies but is capable of further mission assignment within
normal turnaround times

3 Aircraft or system has major discrepancies in mission-essential equipment that may require
extensive repair to replacement prior to further mission assignment. The discrepancy may not
affect safety-of-flight and the aircraft may be Not Mission Capable (NMC) flyable

8 Aircraft or system has suspected or known radiological/biological contamination

System Capability Codes

These codes indicate system or subsystem capability at the end of a sortie. The table below describes

these codes.

Code Description

0 System flown with a known discrepancy, no additional discrepancies noted, system can be

used

1 System used and performed satisfactorily, no maintenance required

2 System used and performed satisfactorily. A minor malfunction exists, but system is capable
of further mission assignment

3 System performance was unsatisfactory, this system did not cause an abort

A Qyctem porformonco WuQC UncoticfzitcAry, thic cy-tam rni mirn nr rnntrihi itfrl fn nn Phnrt

5 System out of commission prior to takeoff
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Code Description

6 System installed but not used

7 System not installed

8 Aircraft or system has suspected or known radiological/biological contamination

Deviation Codes

The codes in the table below indicate the type of deviation that affect the flying schedule.

Code Description

AA Air Abort

AD Add

Al Air Abort/In-Flight Emergency

CX Cancellation

DE Delay

EL Early Landing

ET Early Takeoff

FE IFE

FI In-Flight Incident

GA Ground Abort

LL Late Landing

LT Late Takeoff

SL Subsequent Late

SP Spare

SX Subsequent Cancellation

TS Tail Number Swap
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Operation Deviation Cause Codes

The codes in the table below indicate the reason for a deviation or the agency that caused a deviation to

the flying schedule.

Note: The first two positions are constant, but the complete codes vary among major commands

(MAJCOMs). The "x" denotes any character for local use.

ATx Air Traffic

COx Contractor

HQx Higher Headquarters

MTx Maintenance

OPx Operations

OTx Other

SFx Material, Safety of Flight

SYx Sympathy

SUx Supply

TRx Tanker/Receiver Deviation

WXx Weather

xxx Local Option

System Fault Codes

System fault codes exist for aircraft using fault reporting and fault isolation manuals. These codes help

maintainers gain access to correct fault isolation procedures. The codes vary depending on the

malfunction. The CFRS, if available, uses software that automates the identification of system fault codes.

Post-Flight Inspection

After flight, an aircraft will undergo a Thru-Flight Inspection, a Basic Post-Flight Inspection, or a

Combined Pre-Flight/ Basic Post-Flight or Pre-Flight/Thru-Flight Inspection. The following table

describes some of these inspections.
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Type Inspection Description

Thru-Flight The Thru-Flight Inspection is a between-flights inspection accomplished after
each flight when a turn-around sortie or continuation flight is scheduled and a
Basic Post-Flight Inspection is not required. This inspection consists of checking
the aircraft for flight continuance by performing visual examination or operational
checks of certain components, areas, or systems to assure that no defects exist,
which would be detrimental to further flight.

Post-flight The Basic Post-Flight inspection occurs after the last flight of a specified flying
period. This inspection will consist of checking the aircraft condition by performing
visual examination or operational checks of certain components, areas, or
systems to assure that no defects exist that would be detrimental to flight. It is a
more thorough check that the Pre-Flight or the Thru-Flight Inspections.

Combined The Combined Pre-Flight/Basic Post-Flight Inspection or Pre-Flight/Thru-Flight
Inspections consolidates the requirements of the Pre-Flight and Basic Post-Flight
Inspections into a single inspection accomplished at the end of the flying period. It
eliminates duplication of inspection items and is valuable during periods of high
aircraft generation rates.

Unscheduled Maintenance/Repair

During this phase of the process, maintenance technicians start work on the in-flight discrepancies

reported by the aircrew. The figure below and the accompanying table illustrate and explain the process

for completing unscheduled maintenance actions.
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Troubleshoot Adjust/Repair _Order Part

Discrepancy |(if required (as necessary)

Awaiting Part from

PLANE , Part Issues from

Document Sign off•

Corrective discrepancy in " Operational Check
Action(s) in MIS Aircraft Forms
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Action Description

Identify Once a discrepancy is identified, the aircraft crew chief requests
discrepancy * troubleshooting

* ordering parts (if needed)

* determining whether munitions can be "safed" or downloaded

* adjustment/repair

* operational checks

* aircraft forms and Maintenance Management Information System (MMIS)
documentation

Work Once the technician troubleshoots the discrepancy, he or she faces three alternatives:
discrepancy • If the technician cannot duplicate the discrepancy and has exhausted all possible

courses of action, he or she clears the discrepancy by indicating "cannot
duplicate" (CND) in the aircraft forms and the MMIS. CND actions are a last resort
and are coordinated through the Expediter and Production Superintendent.

* The system or.subsystem may require adjustments or repair action that does not
require a replacement part. Once corrective actions and operational checks are
complete, the technician clears the discrepancy by indicating the corrective
actions in the aircraft.

* The technician may need to change a system or subsystem part or Line
Replaceable Unit (LRU). Once the technician identifies which part requires
replacement, the technician orders it.

If Then

The part is available in base It is issued to the technician and installed on the
supply aircraft

The part is not available + The part is backordered

+ The Production Superintendent is notified of the
backorder status and asked to establish an order
priority

* The repair effort for the discrepancy is placed on
hold until the required part arrives through the
base

* In certain cases, cannibalization procedures may
supply the part

When the part * It is issued to the technician and installed on the aircraft
is available * Operational checks are performed on the system and subsystem

+ The job is completed and signed off in aircraft forms
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Preventive Maintenance

Preventive maintenance includes all scheduled maintenance actions performed to retain the aircraft and its

systems in mission-ready condition. Scheduled maintenance involves the accomplishment of periodic

inspections, condition monitoring, Time Compliance Technical Orders (TCTO), Time Change Item (TCI)

replacements, and system calibrations. The maintenance schedule controls preventive maintenance

activities. Close coordination between the production superintendent, flight chiefs, aircraft schedulers,

and the support flight ensures all necessary resources are available to perform the job. These resources

include the aircraft, manpower, parts, and equipment.

The Expediter or Production Superintendent notifies the aircraft crew chief and maintenance technicians

of any scheduled maintenance activities either during shift roll call, or by having them review the daily

maintenance schedule. The crew chief or maintenance technician is responsible for obtaining the

necessary tools, equipment, and parts from their support flight and, if necessary, supply. Once the job is

complete, they should notify the expediter and clear (sign-off) the write up in the aircraft forms and

MMIS by indicating the maintenance actions taken.

Aircraft Scheduled for Next Mission

While the aircraft is undergoing corrective and preventive maintenance, it may be scheduled to fly its next

mission. The flying requirement for a particular aircraft is documented in the monthly and weekly flying

schedules. The production superintendent closely monitors these schedules to ensure the aircraft are ready

for the next scheduled flying mission. As this time approaches, the maintainers prepare the aircraft for its

mission and for flight.

Aircraft Mission Preparation

During this phase, many activities may occur simultaneously. Final corrective and preventive

maintenance actions are completed; fuel adjustments are made to accommodate last-minute mission

changes; munitions, chaff, ammunition, specialized pods, and specialized equipment are loaded and

configured. The aircraft crew chief is responsible for ensuring the aircraft is ready for its mission. All

these activities must be closely monitored and coordinated to ensure nothing is overlooked.

Pre-Launch Inspection

Pre-launch activities involve detailed maintenance and aircrew inspections. Brief explanations of the Pre-

Flight and aircrew inspections follow. TO 00-20-5 contains a complete discussion of aircraft inspections.
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Pre-Flight Inspection

A Pre-Flight Inspection is a flight preparedness check that the crew chief does in accordance with the

aircraft. This inspection includes visually examining the aircraft and operationally checking certain

systems and components to ensure there are no serious defects or malfunctions.

Aircrew Inspection

The aircrew accomplishes the aircrew inspection, commonly referred to as the "Dash one inspection," in

accordance with the aircraft aircrew manual. This inspection includes a visual examination of the aircraft

and may require the aircrew to configure certain systems in preparation for launch and mission.

Once the inspections are complete, the aircrew and maintainers carefully review aircraft forms to ensure

all discrepancies are cleared. An exceptional release is required. This is the final check performed by

maintenance before they release the aircraft to the aircrew.

Aircraft Launch

At this point, the aircrew starts the engines, powers up systems and makes final adjustments in

preparation for launch. Maintainers disconnect and move the support equipment away from the aircraft.

When cleared by the control tower, the crew chief marshals the aircraft out of its parking spot and onto

the ramp or taxi way. Some aircraft require an End-of-Runway Inspection. The purpose of this inspection

is to detect critical defects that may have developed or have become apparent during ground operation of

the aircraft. It is performed immediately prior to take-off at a designated location usually near the end of

the runway. Some units publish a local checklist for end-of-runway procedures.

Post-Launch Cleanup

Finally, after the aircraft is airborne, the maintainers clean up the parking location. Personnel must store

all items such as the fire extinguisher, trash receptacle, tire chock, and inlet covers in their proper

locations. A Foreign Object Damage (FOD) check should also occur to ensure someone removes objects

that may have blown onto. the parking spot during aircraft taxi.
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Appendix 2: Exhaustive List of Performance Measures

Exhaustive List of Performance Measures

Measure Sources

# Performance Measure 9302 HOF Metrics
Reports Manual

1 12-Hour Fix Rate Yes Yes

2 12-Hour Fixes Completed Yes

3 4-Hour Fix Rate Yes Yes

4 4-Hour Fixes Completed Yes

5 8-Hour Fix Rate Yes Yes

6 8-Hour Fixes Completed Yes

7 Adherence to OPSIMXS Schedule

8 Air Abort Rate Yes

9 Air Aborts Yes

10 Average Repair Time (Fighters)

11 Average Repair Time (Other)

12 Average Time as Hangar Queen

13 Backup Aircraft Inventory (BAI) Yes

14 Break Rate Yes

15 Cannibalization Rate Yes Yes Yes

16 Career Development Course Success Rate Yes

17 Cat I Hangar Queens Yes

18 Cat 11 Hangar Queens Yes

19 Cat III Hangar Queens Yes

20 OIharguablc Dcviotinno Yco

21 Code 3 Breaks Yes Yes
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Exhaustive List of Performance Measures

Measure Sources

SPerformance Measure 9302 HOF Metrics
Reports Manual

22 Could Not Duplicate Rate Yes

23 Deferred Discrepancies Leading to RR Instances

24 Deferred Discrepancies Leading to TNMC or PMC

25 Deferred Discrepancy Rate AWM Yes Yes

26 Deferred Discrepancy Rate AWP Yes Yes

27 Departure Reliability

28 Depot Scheduling Yes

29 Discrepancies Awaiting Maintenance

30 Discrepancies Awaiting Parts

31 EEO Complaints

32 Electronic Warfare Pod Mission-Capable Rate

33 Functional Check Flight (FCF) Release Rate Yes

34 Fix Rate Yes

35 Flying Schedule Effectiveness Yes Yes

36 Fully Mission-Capable Rate Yes

37 Ground Aborts Yes

38 Hourly Utilization Rate (UTE) Yes

39 Hours Flown Yes

40 Hours Programmed Yes

41 IG Complaints

42 Issue Effectiveness Rate

43 Job Data Documentation Error Rate Yes

44 Judicial Punishments
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Exhaustive List of Performance Measures

Measure Sources
# Performance Measure 9302 HOF, Metrics

Reports Manual

45 Maintenance Man-Hours per Flying Hour Yes

46 Maintenance Scheduling Effectiveness Yes

47 Mean Time to Failure

48 Mean Time to Repair

49 Mission-Capable Rate Yes Yes Yes

50 Mission-Impaired Capability Awaiting Parts

51 Non-Chargeable Deviations Yes

52 Non-Judicial Punishments

53 Primary Aircraft Inventory (PAl) Yes

54 Partially Mission-Capable Maintenance Yes Yes

55 Partially Mission-Capable Supply Yes Yes

56 Phase Average Yes Yes

57 Process Improvements

58 Promotion Average

59 Quarterly Annual Awards

60 Repeat-Recur Rate Yes'

61 Scheduled Hours Yes

62 Sortie UTE Yes

63 Sorties Flown Yes

64 Sorties Programmed Yes

65 Sorties Scheduled Yes

66 Spare Aircraft Inventory

67 Special Experience Identifier
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Exhaustive List of Performance Measures

Measure'Sources

Performance Measure 9302 HOF Metrics
Reports Manual

68 Stockage Effectiveness Rate Yes

69 Time Compliance Technical Orders Finished Yes

70 Total Abort Rate Yes Yes Yes

71 Total Accumulated Cycles Yes

72 Total Aircraft Control Deviations Yes Yes

73 Total Deviations Yes Yes

74 Total Higher Command Deviations Yes Yes

75 Total Maintenance Deviations Yes

76 Total Operations Deviation Yes Yes

77 Total Repair Cycle Time Yes

78 Total Supply Deviations Yes Yes

79 Total Weather Deviations Yes Yes

80 Totally Not Mission-Capable Maintenance Yes Yes Yes

81 Totally Not Mission-Capable Supply Yes Yes Yes

82 Training No-Shows Yes

83 Training Overdues Yes

84 Training Schedule Adherence

85 Unit Average Skill Level

86 Upgrade Training Status Yes

87 Weather
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Appendix 3: Family to Measure Association

Family to Measure'Association

Family Measure

Air Abort Rate

Air Aborts

Break Rate

Code 3 Breaks

Could Not Duplicate Rate

FCF Release Rate
Excellence

Job Data Documentation Error Rate

Mean Time to Failure

Mean Time to Repair

Repeat Recur Rate

Total Abort Rate

Total Accumulated Cycles

Growth Career Development Course Success Rate

EEO Complaints

IG Complaints

Judicial Punishments

Non-Judicial Punishments

Process Improvements

Promotion Average

Quarterly Annual Awards

Special Experience Identifier

Training No-Shows

Training Overdues
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Family to Measure Association

Family Measure

Training Schedule Adherence

Unit Average Skill Level

Upgrade Training Status

Average Repair Time (Fighters)

Average Repair Time (Other)

Backup Aircraft Inventory

Electronic Warfare Pod Mission-Capable Rate

Fully Mission-Capable Rate

Hours Flown

Hours Programmed

Productivity Maintenance Man-Hours per Flying Hour

Mission-Capable Rate

Primary Aircraft Inventory (PAl)

Partially Mission-Capable Maintenance

Sortie UTE

Sorties Flown

Sorties Programmed

Totally Not Mission-Capable Maintenance

Scheduling 4-Hour Fix Rate

8-Hour Fix Rate

12-Hour Fix Rate

Chargeable Deviations

Depot Scheduling

Fix Rate
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FFamiiy to Measure Association

Family Measure

Flying Schedule Effectiveness

Hourly UTE

Maintenance Scheduling Effectiveness

Non-Chargeable Deviations

Phase Average

Scheduled Hours

Sorties Scheduled

Time Compliance Technical Orders Finished

Total Aircraft Control Deviations

Total Deviations

Total Higher Command Deviations

Total Operations Deviations

Total Weather Deviations

Weather

Supply Average Time as Hangar Queen

Cannibalization Rate

Cat I Hangar Queens

Cat II Hangar Queens

Cat III Hangar Queens

Discrepancies Awaiting Parts

Issue Effectiveness Rate

Mission-Impaired Capability Awaiting Parts Fill Rate

Partially Mission-Capable Supply

Spare Aircraft Inventory
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Family to Measure Association

Family Measure

Stockage Effectiveness Rate

Total Supply Deviations

Totally Not Mission-Capable Supply

4-Hour Fixes Completed

8-Hour Fixes Completed

12-Hour Fixes Completed

Adherence to OPS/MXS Schedule

Deferred Discrepancies Leading to RR Instances

Deferred Discrepancies Leading to TNMC or PMC

Timeliness Deferred Discrepancy Rate AWM

Deferred Discrepancy Rate AWP

Departure Reliability

Discrepancies Awaiting Maintenance

Ground Aborts

Total Maintenance Deviations

Total Repair Cycle Time
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Appendix 4: BSC Validation Questionnaire

In support of research to develop a "health-of-fleet" type metric, please rank the aircraft maintenance

performance metrics below in order of decreasing criticality.

1) Rank each of the four Perspectives (categories) in order of decreasing criticality (1 = most critical)

2) Within each Perspective, add any critical metrics that we omitted

3) Rank all metrics within each Perspective in order of decreasing criticality (1 = most critical)

Mission Perspective (Rank _ ) Influencing Factors Perspective (Rank )
- Long term ability to improve combat capability - Success with collaborators and functional processes

__ Maintenance hours per flying hour __ CANN rate
MC rate MICAP fill rates

_PMCM _ Maintenance Scheduling Effectiveness
Sorties flown TNMCS

STNMCM

Management Perspective (Rank n) nternal Enhancement Perspective (Rank )
- Achievement of customer service - Necessity for innovation and growth

Adherence to OPS/MXS schedule CND rate
_ DD rate AWM - Repeat-Recur (RR) rate
__ Total maintenance deviations - Special Experience Identifiers

4-hour fix rate Total abort rate
__ 8-hour fix rate __ Training schedule adherence

12-hour fix rate - Upgrade Training
__ Days in Phase/ISO Unit average technical skill level

Please check all of the applicable boxes regarding your job description below for response categorization:

u Group-level mxs supervision/staff u Flight Chief
a Squadron-level mxs supervision/statt a Lead Technician
u Flight-level mxs supervision/staff u Flightline Maintainer
u Production Supervisor u Other

u Expeditor"
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Appendix 5: Questionnaire-Raw Data Spreadsheet
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Appendix 6: BSCol Functional Standards Brochure
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proplosed! a new niaue~etsystem that-I pnsvided managl~ers wvill) a cm nprehen she -cr frnemsrkl-\w to translate .1
coillpaill's -mmolegic. oblectim es ist) a cohecrent ,et tifpcrfortnmict,~ measure~s. Now lithe auth'ilrs show hlox sevoeral
C411mp1-mnie are putting tile balancedl scomecard so umodk. If -t ftecve seasuirenlent. theL aitllvt hots ll 4,1tISo1. must"i Ix. all
inrecgral pairt of thfmnaemn proce~ss. Much snore than a mceasurvlesiet exercise, thec balanced scorecard is. a
MA.1.1a111ment1 thatef dis an mwiotvat brvakdsrott.nugi improvillm.ns inl such criticall areas is prdul proct-s.
Clitsiotrit, .11d ill'at'kc do, Criometit. Scvetni1 xrp'-Rcwt Apple11 C.01snpsmter, anid A;\ mauced Nlicro
lDevtdes-tlaststrate how the scorecatd comnbines mcieausistent arid t1Uttn!Cieivc tin dten C011mp3ACiS. F ~lmm
the eeteesOr those cotipvaicfliesad ofuthers dhe authons have found thatf dOe h.Alinced scorecard is m'lost successoll
when it is used to drive the process tj change.

"'Ihle B11alacedl Scos'-Card: Nevasusrces Thiat D~rive FICTforst-an1cc inl JI.wtar-ai Ii.; Rený%'m by Robert S. Kpajssa and
D~avid 1P. Norton,n laouar,; 1992.
A~bstract: Dml-10ing a ea-long mesearch project the aU,11101s dem eloped a "bMAlanced SCiMIeCArd penri*111111Ice
mewLssrctrwoi syeTvvm cht allows ewcutimes to View a Conmpany ftomn scvm-er perspectives; sillwa snncouSIV 1,I1c
scorecard includes fininciail tneasures th1at rem-Cal the rvestlt's of actions alfe~id-v take-n, as well is tI'sc ,c-.,t of

improve-. Ci-eating a bialanced scorocard retquires trans11latin acompally's Steg-anid miission mt stuitil. tfli ~o Specific
gtomd. and t1cashtres. Am~agsasnr then track ;tho)e mca,-ssrcs as. they work toward tergas
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3.0 D4efillitions

lo M~'rcPLUTOW~ oft his, docullinr, Iht' itx'ii 1t in.ap:

a nuilti-ditncnsonal AvillewcAr crtt~.ecd N,- I'). R411cr~ Kaplan, and. D)r. D)avid N. ior:l that tjýv
II 4110 11"il 111to dt-Scriihv all alp,1izaiol" ~ns~tnilc "(scc rvfA.'vnnccs inl Scc6un 2A.u~

~~~ rc~~tferi to any sadrwaam packaw. which lasc dw mAKS4l)( 1) of Drs. 'Norm wun an Kapihui im

"Ba1lianced sd rvcard" ill if,; inat-Iritiv-rumacria i dt. n, ort-octial ~amii~ii

"A t$dieitwd illh~ IN, unwatlvl retet only 1 to il funictiolldilk. ihflc sofmtt~ac 1 t cka.!! n, it cInJies l(1 di
1darnccd So' tvccard mobo.doil4o!. 'Nis standard dAM'S WOl Spcio'v anyý rcchn4)oi'l'n ' ,!uiios. rc!iCr it) scabIlhilif offi
snotlil ,on, of discass inicyconnectivily ofilic ; ackitg -wiih irhvt Sst rlls.

Thdmi. S ~; ,;~~lat~' ictzrs, ill 1h IwContext uc di- nat'c lto ill' Blalinc'd Scoliwdard m!h oi'
inijialh. deltctuw hy Drs. Ka.plan and \noron and ;as cuarrynth pva1ctickd h~balanced Scoccard Theiiw.1 p-.n
11) ttiodt ,Ingx is un~dct continuald an('~m~l,~Id lilt IW nii(l-ds a%Al Lvvh v t tOle ~Ict CAI1Cfl be 1)!'.CI rcice5 and
dioingij.leadershi~p in ill( B~alanced Scom'card co~ncetp.

4.0 Bahwtvced Scoreard (Collaborattive

Badanlct'd Scorccaa'd (C4 flaorafiý C' file. ftc~ilili acs 111V wNvkhd"i u awiarecnýSs. use, clilnc!Imcni, and invcg~riiý Wii th
lIadtlnced Sýc nrcard asý a1 Nalut-adkk'd a anagvilivil process. 11wli 6(1A~iawrafaL vc~t a varictI. oit CducalUifl. ftailingn."
resecarch. Land dcconnservices designed U, share Mix practice mo ;tchi~c bt reslts. F~ounded and imnati ' d 1)y
Ba;lance'.d ScoI'c(ard crvators Dlrs. Robert Kaphan and Dav.id N. orfon. ilw (olbrac u ie ~niu'isand
illdiý iduals w~ith .1 glob1al cEviler of v\ctelleclie and cpli on ill thin!!, aelue~d Ito ~l~au.ced 24 rkcards.

5.0 Basuic FunctionaI Requiiremntsu far Balanced Scoreccard Applic~ations

B~alancded 5'S irecard appIicai(iii III lltbt lW able ti fi~jiciiltle UAc ~ lC of h ~ta~a 11"t Ouhr410 -lit!t liedaticd
Sco~r'car~d ilictlodoIlop as docul n wn d ill thle liretature~ Cb ~ and ats practiced h'. B~alanced >'ort'Ca'ead (C dl.ib)ow.1itxv.
I he' S~unltda as outtlink.ed lliW rL'(senaile (ltit rillitalll~I fvicfCiol~fliti hIa ,I hlanhtced >(o uca(rd~ Sof~i.>ii\% alte

pri W;dr ate mcour(( )aa.el I di ftrenrvii~at their prodtidcrs ho, and the ,ni-ilait-il stanslaids otitl ited hl'b1 u\N'.

The standar'ds doectricntatinn has bccn din ide~d in(() Pan- secli'vns:

Ba~lanced Sn' nec:td IXe'sii~ (Svction ~.5.1
T[he Applicaition shoniid be able I(, fluxibi'. .ucopnirodatc ithe baisic elements o) l pa4"Inr laii K1.1cOscott carc eil~
The application nunýs? be( ablevt 141) vid the sinuty;~ horon W uvxv v l~rpci41natsiatt(l. inusinier. Qir-ial. and
klu'litij, Q2) identify ktrate.g;ic objec-civ(s for C-ich Pki"'pLtcfive. f3 ",xssociate vrteasure.ý with Strategic tobjcntves, (4) link,

c n ctvc l M andA selmh, I, ~ usig argetsý to tfleasitcse, arld fii list simleti'c in:iaiuvus.

.Straue~c idi;tjcatot and (:ttumiliacaltiol ;'S&'Cit'il 5.2\:
Qne of' Wh kq reaownrs lIn hrnpk'matiriga BMW t Sla c od irxrd soff-t4.wa suihtnon i., the facilitaiutjlz of Stnutelac
eltucatioln ln it[ Communication. a vrh~e, l fitjyj aprca~ion ~u ill enalkh user, to documenict and cot i1.11icate
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lnititiee ydiwthm'rtyir irt\ lmft r tptifl) aiv the, wteitiflgrouiijs t,or the m~tt ex\preissed in ill,( BaLinced
Sýcorccatd. i1~ete-rvf , at Con= jtid . ictmio mu:st nuake .'iCrMW th relationship I temm iflitiafliv" cqtieiird toachiuv u

I eVdbaICk 111L d La'roniv~ (Sýcrion 5.4)
T'oi n~gh prope.r -,ytetnl dvsign, the 1`edback cYoe time Wo anugma a infowmata'l snCarl be sitllirican'tly redticcd.

Analvsk, of tht- mcxattre rtesuilt aigainst tar~gvrs wViUllo JItv mla:gvrt to 1111terstand m hich areas of ther•at.aa4
rtjtire frther at'lol IowV(vmI' tI~i syftei11 Alo"ld no0t Evctridc tire itd(,m1va 01 a Sitr cure the Bal"Inceed

Scoreccard ,ystcnl Shotild rely onl both objciveW and gubjecix hu adtu: ts, Mswl as graphical indicators, uo
rtpotr onl pri'vt-ss of a parricol"ar niva~ur agliosts itfs tart',,t. Jihese de.:g prinew"S arc ouirted in greatr derai in
the text tlrat jl~~

AS ofSvpttrdxi' 3(I, 999), lblanced hcorvcard ( : ibil ,r361vecnidr these, the niltitv nimorn I tional id rd hat a1
Balancli z'Oieard applicathio ghotmih havv ill ordecr if) teilect 1h rrh1vilg eidorsd by~ KLalnccd Scoec-ard
(ullalotraivc. ReeseI.0a, ptblifhed on N'\la 5, 2)(x'~j inchlicies minor odhai I~that th' not atlfect t he suibstawce
of Mhe Riuicirnal mmlards:.

5.1 Balainced SCtrcCArd Des~ign

A cerrificd Bainceed Sýcorecard application il~tl arco imifodalte the N14,e Ovilivill, 4)f.a pi'pr(JlalJmcvI Scort'cird
design. Namtiing conventiron in ,av difler, bat TVe design smtirucrt o it ccrti fivd applicatioin s 11141t inchide hem filojwin,,

sis' ii.Umutes (set I ignire I. Baxic ha~ined :ýociwcard Dceigtn. for an xaipe

A pvnrpcvtiv as. a ct1 tenti into which the stralvetv is dlccormposed to drivee Tylelatol %pically theCre, aret
tour. pvrspvcti%,,Vs; financial, ustmir internal anid leatnirig Oldliwt. t'es mn:1 b:e added or rtilat these xd
onl 3 Specific str.1tv!gC need. A\ tospvcltke is a mnajor e mn!vn of AhV mutrte wn ntlAtpnesedt a MOM .ieh jdr egor.
or. point n11. IW. (:(rthicd aplictions will include ar leamst Nwr aic PeasetiOKS (financial. cus"omer WInterna

prci )cLse learnling and powrli) and hWioe hr Myli: to rmialne luwpvokw~s at the user oprion.

X jii ictite I~ a statment ot smurgitc intent. Ani oliectiv samcs how at stratetgr wil be iade e'pexrmional-. ( encralk.
thle SAW=tve toimn the bidNOT Wloks ot the overal stra.. of d othe .r-Intimnon. W ~~dapiain xill allow
stýrm qtg obcl~ivctus to be ahlgned 'ith 1t least 0n1W secre

A\ nwmmcr i& a periunuman mette tAm will retlect progyss against an ohjecti% c. A meiasire Alust be t atfahe lt

mesrsCOMMtUnaical the specific 61mia kwt mMLnid v; schim, the objuctive and become the actionable mtaitmnt
(it how thti Stn~t IegiC oh.;cnC i e will he actaniph.asIit'd. Laiu~itaue r rdco~o uuepromne xbl

1amtia asures, are outcom-es. A\ certified application -.. ill alloi w n mmmle number of nllaeastrvs vxphivithy linked U)
at least one objiectiv e.

A target is at phtiatiifi+hle goal mr, each Aleammte te set or targes tound onl the: Balanced Scotec.ard h1ctirne the

overall goals of the organiat/atlon. Tarirets create opporaiunit.. to Stim-ed. help Ithu o..wganliymion nmo1niTorprngrvss
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()hjeciives arv tclated it oil. AllOther 1170111-11 CAMIC .191d effect r lasiou'.ship.s. tllit catise and ef'I ixt itii.t~es are similar
Io si'te 1tcimeenrs. Iiot' i,".31pk if at rline d'e'i tlle 0fl-1't0Lllt14.I I'it1llI_3V Alld limet. 1,h-ijvce 11. 111s t.
airlin: wvill re-uilvr 11-M cr phlanes (oh~ivok v~ 2) wid o. S I ,nmerN \\ill hek nlue saijs Ie~ wd"itIEhl ,-I illIt 't, keff e obhrIive. 3!
aIk~d citptf;lat. prfir trability wvd! inerease ý'objecfive 47`J. 'Ilisc Cipuse . el; ~ il(] ffvC shokild Ix- cxpicit2LA ce-t-iiied

'Wi~aI4n vll .1ti'A Obiicclives to 1:e l 'lllv.iad gmtpllicallxý repiresviled on1sree .'.I scrtis ot ctnsc mnd deflc(ý

]ilnLtu'gve trilei5 a ýp Tiielit ke sholtmd be able Io be e'kcug and edilted as' a proprttie.Al

6. S IT.1 r vg i(I-i I ij I s

StIral'1"c ilntifiativc 'Arc Those acrion pro"'n-ams (disercoion~m rx m usitt w iris or prtoiuctl" 1s;i h t' tlIuer;aetkric eir1Iu.
Ths'are Ill( aclti ilie.u; tha ro~utp tvill focus on Io(') esure- ": iant 1u..1"tci 4 ta )1 z~ Nu v ,!I (S0. All Iitiati1e, vs drv v1n% a

OW~rllzai<tlol sltcndid he aligit'nd wvirli Ill" s1i .teqin, ilhe VBalanccj Som- n'eca. A\ COM)EMlittI jC;A ýXitu1u A1ii] 617h 1x ~aSCI
ofis~traic-pc irliliatilvs lo Iv litikd In .11 leas't ont. 0l'1crti% v.

5.2 Strawtgic Education and Comimunication

(;4vtifivl'( ilpj'hIIC.t 4Iti 151 HICludethe Ihv flloxxiuv I Ct

'[he sN key element'sm of rhe Balanced Scovecatd ý11vrpeCti\ v's. 4N thteivvs tils aue. linka'.-,, and i1 itiiati\ ujzs*

are t\1 cali Iincd inl Lrevarcr levels of1 detmut. [r fltre 1110'8 btUV he dw Inn lviendeid tI'rom It a 'emtent.cu o r rIvr
dt..xCnihingill,- he l'Atrtic 'it ntiion ar nisme. Ah '.. a, !-.-ae ;'icca bok, do-wn itlb torlimulas, unnh of

ineasutne, fr(itcquoo cd reporting. tal-get 44wnv, Septov w I~i reý sp"iisýbilit klu da t~ sw I cs. ;I %'t -tI (,I,% cdJ-,IIe. ant It I ttet
his tort. Thi!i'also requnire UrTC.11areriscrintioui su~hi as tImehue fl' 41es uge.beeis. t riks, Such

(l4t~tieftaloIS t1 itfptrill 14) users Io ensure, ConsI.Mieno and t'IVt'p bi'. i~i1:.dffti n%' n c-alMu 111e~ t,
Ui 1(111 ,rac vi'iC 'ene n i. Ccrti*cl~e 111v i'. i c~~ h doe iimuS'.LI. t 1(1 4n (j*..j lii :11 iv d'escript P s oft- achI

elt'tltii 441th 1alanceed Svorecard.

i.3 Buizine"- Execution

ofn nii mmlilvcs to ( )N'ivciesý
"Itatltei'( iltimtu tt'. I,aeti' il.ase01 VleMents. it' work 111.t diiv(. st'Ziaveivc 'tl'eI art. the. uhscrvlionAV. ro ; ) mt1 s

tnt multolu d toll a CoittlitlouS1 basis lo4 Insure, that1 thlcý arV lX'ilt! k." pleueuted s pan d andL prOtdudn1w. lthe desited
A&t4t \ Il-It. c iflhtitla t' Shotild Iee vhIcI61 itl&- ormap-it iu'wk.v wluc or Inorev' :ýntvlAc oh'it.

".erlifi. 4.1 Iyplic.-Illons Should hc ablv. wti~ tO isplav macig'11,IM JNt- ald ribjci and sli mlkd
aIllh- tn1ifimives it, N! ftied [4* f Il-u't t 1h1t. 'tiic t st' 4 ic rijeixs. e~ferI'ck. C) f*u"tllil'

5.4 Feedback and Leiarning

KItSC X'CI A1111-t01-6110f

lbase. lut"el reporting inlcludes re-porting ol'pet'Ioranitt data1. t'or eac) measure(. Ihiotoricall pvrfotl-mit1ce tn. .Ip

and itwltink Teporml-,r- views a31`4 desi:-.Abl tearti'.Iie. C.Lrtth'dl aplitc~ation!l hiikih .bc eP dio pa Cuwrrull

per I- M11. )rhc dat &11 tor eC'h Mei'ue.V1IV

Subvil-rv 4. Perttr Irlmtck AeS'cimelit'A

subjectivvx annAh-e flie d&u. '111k subNu crivi u'rf terfnile :lssssrent slititid Amfo be l6Ack- uip b%: -It tiefinostvl
u.Iumlit;t~iia "SoseSylnvt of the ~.Nrmlanl ort initernal %variah~cs unelitzile n1'ýssesrncfrl .Crlified a1pplicatioln availl
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aBALANCED ) ~i,~~,
SC ORE CA RD
c t~ 'Li DitATIVY

111CxIUrt Or Objk, CIive is wn Phn.l red or ai mintis sign if Twhind plan. (>iiA.pplicatiolls will gtph-liicalhN dispbx
perormfanicc a',3fls? 1lUr0cls ill .11 ('st l-collJprehn~l I,01-11,1, and will Aho& Cor iTln a didealion to Suit individwui end-
Il~er neetd8.

6.0 Conchision

11 iC- pliejpld uia, cjfk% ivt d dc ,vlic)ivrS ýwifl bchabibhI(, dcveixop EKaianeckd Sctwikcvhld
applicaiotls. whikh vilAIll i~t) It (plarc 111c befltiti of tilt I~altwed .11. cJwd %'(,nen 1. sl.] B tvr of

l~:~awcdSCWC~I- j~ieion wll.;() hcnciu, tht: %t ill lx. :!ic to lcvt'raizc Ik 0W~g cptisv of ti.,1nced Soecr

Scorecar%! jtf lt\ t will rnu-v!i h'iv nvvds,

Figure 1: Basic Scorecard Design (Example)

Perspective Cause & Effect Linkage Objectives Measures Targets Initiatives

"* Pa*Vl*irbk Opealingltnotre *20%)ItI0102se

Financial suim Sa s Last Yi -1ZtifvWo3$ -Lw~Re~euGlemirt Program

"* 0twily Retujrn Rate~ rMUuc by -*al

PoutProduct ftmor customer Loyat1y 50% eaich yf inanowarge?
Customer _-) Slopn Knowttxtgo- - Ever Active % eiprga

Ou-tcy Experience oWAsoi, - # *s . u0 - cvutwor
2.4 itst loy~alty

programr

"* imrv % of Mufndrio M 0 by Corporale

Internal *A'Cs Line Plan "y ri*Defvre yt otioryen
Process Factoris er ItermonStock vu WY6 Prora

*1i % aot Suatec 'yr 50% *sliuteocsk__
equip the Skilb Ava4bbto yr 3 75% PlaniLearning Factory Marche dise W000c Y6 90%

& Growth ReltifoInStip swying Pan ngt
Skill Skils cfktop
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Appendix 7: Contact Information for Software Packages

Active Strategy

Michael Brazukas

Director of Marketing

Active Strategy, Inc.

(610) 239-8517

brazukas@activestrategy.com

www.activestrategy.com/software/enterprise.html

Open Ratings

Bruce Thomson

Authorized Agent for Open Ratings, Inc.

5 Star Partners

(847) 612-0030

brucet@5starpartners.com

www.openratings.com/capabilities/spimpact/

Panorama Business Views

David L. Parks

Sales Manager

Panorama Business Views (USA)

(888) 241-4201 or (416) 525-3700 (cell)

dparks@pbviews.com

www.pbviews.com/products/features/features.asp
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